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Introduction

The goal of “Development of a Computer Decision Support System for Women with BRCA1 or BRCA2
Mutations” was to develop a decision support system to provide individualized information about the expected
benefits of altemative cancer risk reduction strategies for women with either a BRCA1 or BRCA2 mutation. For
decision-making about cancer risk reduction by women with BRCA1 or BRCA2 mutations to be truly informed,
decisions must be consistent with a woman's personal preferences and values. Such decisions ultimately can
only be made by the woman involved - she is the only one able to adequately value the trade-offs among the
benefits, risks, and costs of the alternative management strategies. The objective of this project was to develop
and evaluate a Decision Support System (DSS) that will improve informed decision making by providing women
with tailored, simplified information about the expected health outcomes of altemnative decisions. The DSS was
based on a Markov model so that it could easily be updated with new epidemiological evidence to provide women
with the most accurate and up-to-date information about their risk and expected outcomes. Print outs of the
information simulations from the DSS were individualized to each woman for review and guidance with health care

treatment decision making processes.
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Phase One: Development of Educational Booklet

To identify cancer risk information desired by woman with a BRCA 1/2 mutation, we conducted five focus
groups from the fall of 1998 to the spring of 1999. The focus groups were composed of women who had come
from the Cancer Risk Evaluation Program (CREP). CREP is a multidisciplinary clinical program that provides
breast cancer risk assessment, genetic counseling, and BRCA1 and BRCA2 testing. Initially we had planned to
include only women with a mutation in the focus groups. Because, there were a limited number of mutation
positive women, we also included women seeking counseling about BRCA1 and BRCA2 testing, regardless of
their mutation status.

In each of the focus groups, participants discussed the information they would want to help their decisions
about cancer risk reduction and other concems about BRCA1 and BRCA2 mutations relevant to their needs.
There was striking consistency across focus groups in the information desired by women considering or
undergoing BRCA testing. Several women came to the CREP because of a strong family history of breast and/or
ovarian cancer, which they feared might be due to a genetic mutation. Most women had several female family
members who died of breast cancer, and many were close to the age/stage of their lives that their relative(s) were
when they became ill. Some women wished to know their BRCA status so that they could take every potentially
effective preventative measure possible (e.g., prophylactic mastectomy, prophylactic oophorectomy,
chemoprevention therapy). Other participants’ motivation was to obtain the knowledge of their BRCA status so
that their children would be informed of their own cancer risk.

The focus groups identified the efficacy, side-effects, and cost of cancer surveillance and prevention
options as important informational needs. In addition, insurance discrimination, cost, their futures, and the
presentation of the information that was shown to the participants were important issues. Privacy and the
protection of BRCA test results were paramount concems for this population. Cost was also an issue derived in

part from the high cost of testing and in part because of their uncertainly of whether insurance companies will
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cover testing, surveillance or preventive surgery. Insurance coverage was concerning because of perceived lack
of legislation protecting a woman from losing her insurance coverage if she is found to carry a mutation.

Many of the women were certain that they will develop breast and/or ovarian cancer, the only uncertainty
being when this will happen to them. They were interested in understanding more about their risk over time-
particularly, in relation to their ability to care for their children. Finally, the women offered advice on the method of
presenting the information conveying their risk information. It was widely felt that statistics were littie more than
numbers to them; they uniformly desired more visual representations of risk and benefit information, such as
survival curves, pie charts, or other representation.

The information gathered from the focus groups was incorporated into the educational booklet used in
Phase Three, the randomized controlled trial of the DSS. Entitied “Health Care Options for Women at Risk for
Breast and Ovarian Cancer,” (Appendix A) the booklet covers topics suggested by women who have either been
counseled about being tested or have been tested for a BRCA1 or BRCA2 mutation. The illustrations completed
by a medical illustrator at the University of Pennsylvania complement the text and aide in the understanding of the
results of prophylactic surgeries. Drafts of the booklet were critically reviewed several times by an expert panel at
the University of Pennsylvania, including Barbara Weber, MD, Andrea Eisen, MD, Jill Stopfer, MS and Kathleen
Calzone, MSN. Importantly, these reviews led to the addition of several sections including breast and ovarian
cancer screening, hysterectomy, and implications for family members.

The book was then sent to 12 Cancer Risk Evaluation Program (CREP) patients to review for any content
or organizational suggestions. Reaction from these women was overwhelmingly positive, and there were very few
changes suggested. Minor grammatical and structural changes were made to clarify some content, but the
booklet was otherwise unchanged. In August 2000, the text and illustrations were published in a spiral bound
book by the University of Pennsylvania Department of Marketing and Strategic Support and used during the
randomized control trial (RCT) that began in November 2000 and ended June 2003.

Since the publication of the booklet, we have added supplemental information. This supplement includes

updated information about BRCA1 and BRCA2, and incorporates comments from women in the RCT. Since the
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booklet was originally created for women who tested positive for the gene mutation but did not have breast

cancer, many of the comments came from mutation positive women who have also been diagnosed with breast

cancer. The supplement clarifies which information is specific to BRCA positive women, and which information

also relates to BRCA positive women with breast cancer (Appendix A) using recently published data in this field. *-
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Phase Two: Development of the Decision Support System

art A: Development of Decision Analytic Model

Throughout the duration of this study, the decision analytic model has been extensively revised, refined and

expanded. These improvements included:

1.

Inclusion of tamoxifen as an alternative breast cancer prevention therapy. This expansion required
incorporating additional health states for other outcomes affected by tamoxifen, including venous
thromboembolism and endometrial cancer .68

Because the majority of women who are found to carry a mutation in BRCA1 or BRCA2 have been previously
diagnosed with breast cancer and these women still face many of the same decisions about cancer risk
reduction as women without a cancer diagnosis (e.g. prophylactic surgery), the investigator team felt it was
important to include women with a prior diagnosis of breast cancer in the trial. Thus, we substantially revised
the model to allow tailoring to the presence or absence of a previous diagnosis of breast cancer. Because
survival following a diagnosis of breast cancer depends upon the characteristics of the cancer (in particular,
stage and node status), we developed individual survival functions for Stage 1 and Stage 2 node positive and
node negative breast cancer, further tailoring the model simulations for women with a prior diagnosis to the
characteristics of their individual tumors. Initial feedback from our expert panel suggested the survival curves
for node positive women might create sufficient distress that would interfere with informed decision making.

Thus, we excluded node positive breast cancer patients from the trial.

3. Development of statistical functions for breast cancer, ovarian cancer and hip fracture incidence.
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4. Development of appropriate coronary risk prediction models from Frarﬁingham data. These logistic
regression models were derived from primary data with the assistance of Henry Glick, PhD.3. 10

5. We have validated the mode! by comparing the estimated life expectancy from the simulation model using
population based incidence rates for breast and ovarian cancer with data from the National Center for Health
Statistics. The life expectancy of a 50 year old woman at average cardiac risk who selects no therapy from
the simulation is 31.68 years compared to 31.70 years estimated by the National Center for Health Statistics.

6. Identification of probability density functions for: effect of prophylactic mastectomy on breast cancer risk;
effect of prophylactic oophorectomy on breast cancer risk; effects of HRT on risks of breast cancer, CHD,
osteoporosis; effects of tamoxifen on risks of breast cancer, endometrial cancer and venous
thromboembolism. 6. 11-15

7. Insertion of an age function that will allow the model o run age specific simulations for each age between 20
and 70.

8. Incorporation of data from relevant epidemiological studies including the effect of prophylactic mastectomy on
breast cancer risk in high risk women, effect of prophylactic ocophorectomy on breast cancer risk in BRCA 1/2
mutation carriers, the risk of a second breast cancer in BRCA 1/2 mutation carriers, the effects of tamoxifen
on risks of breast cancer, endometrial cancer and venous thromboembolism, the effect of HRT on risk of
CHD and breast cancer from the Women’s Health Initiative. &17

As a result of the focus groups of women from CREP, the investigator team and expert panel all felt that
showing the effect of alternative management strategies on breast cancer incidence was necessary to help
women make decisions about cancer risk reduction strategies. Thus, we revised the model to allow accurate
calculation of cumulative incidence curves for breast cancer among women without a prior diagnosis of breast
cancer. To minimize information overload, we initially show women only the curves for overall mortality and

breast cancer incidence, the ovarian cancer curves are shown if a woman has indicated interest.




Part B: Assessment of Format Effects

Using the data from the surveys conducted in past years, as reported in the 1999 annual report, the
survival curve materials have been adapted to the specific context relevant to women with BRCA mutations. This
involved developing text that explains the concept of survival curves and how they should be interpreted
(Appendix D). In order for the curves to be clear and organized, we developed a method of presenting the curves
that allows each woman to see her options individually as well as together.

Each decision aid includes treatment option information as well as breast cancer incidence information. A
baseline (no intervention) survival curve is fixed to a divider while the treatment options, each printed on
transparencies, can be superimposed over the baseline curve. This layering effect allows the women to see the
difference in survival between having no treatment (baseline) and the various treatment options, which can also
be compared to each other. This method enables women to clearly distinguish which option gives her the best
survival rate over time.

Part C: Development and completion of the Computer Interface

Between 1999 and 2000, the design and function of the computer interface for the decision support system was
refined. This process required numerous meetings with project staff and with a focus group of nurses who have
an interest in breast cancer research. After numerous iterations, a final design was implemented in Microsoft
Access (shown below in the figure). Access supports ActiveX objects through its extensive data model, and

interfaces with the Data Interactive product from TreeAge Software. The interface for this system is shown below:
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However, some difficulty in creating the interface between Data Interactive and tfgwAccess application
forced us to develop another system in parallel, so as not to delay the project. This second system provides an
interface to the Markov model in DATA, using the interface builder in DATA software. Early in 2000, there were
some technical problems with the system, which resulted in a temporary halt in recruitment. Fortunately these
problems have been fixed, and we were able to carry on with recruitment.

Phase Three: Randomized Controlled Trial of Patient Decision Support System

The Randomized Control Trial (RCT) began with the enroliment of the first subject in November 2000. All

questionnaires, booklet, decision aid, and model materials were developed, produced, and implemented

successfully in the RCT. Eligible subjects are contacted through CREP once their results are disclosed. Eligibility

criteria include women who are: between the ages 20-65, BRCA 1 or BRCA 2 mutation positive, have breasts
and/or ovaries, and reside within a reasonable trave! distance, by car, from the University of Pennsylvania.

The genetic counselors at the CREP inform the potential subjects about our study by offering them an
introduction to the study letter (Appendix B). Individuals interested in the study are then told that the research

coordinator will contact them with more information. Once the research coordinator is informed that there is an

10



eligible subject, she contacts the potential subject by phone. Once the subject agrees to enroll in the study
another staff member opens a randomization envelope to determine whether the subject will be in the control arm
(booklet only) or the intervention arm (booklet and decision aid). The booklet is sent to all subjects along with the
questionnaire “Assessment of Risk Factors & Interest in Risk Reduction Options” (Appendix C), which the subject
is asked to complete and mail back. Upon receiving the completed questionnaire the research coordinator
contacts the subject to schedule a visit.

When the subject comes in for her visit she completes the “Baseline Questionnaire” (Appendix C). The
research coordinator clearly stresses that while the information being presented is useful and represents a
theoretical outcome of a woman like herself, it is not a certainty. The limitations of the research coordinator are
also explained, noting that any specific health care questions or concerns be directed to a personal physician.
The research coordinator asks the subject if there are any questions about the content of the booklet, and whether
she found it to be useful. Any comments are recorded and incorporated in future booklet or decision aid updates.
If the subject has been randomized to the control amm, her visit is complete. She is advised that she will be called
in a month to complete a follow up questionnaire (Appendix C) with another staff member.

If the subject is in the intervention arm then the decision aid is reviewed next. To introduce the content of
the decision aid the woman is asked to complete a practice exercise to ensure that she understands the concept
of survival and incidence curves. Once the subject understands what she will be shown the research coordinator
presents the individualized survival and incidence curves. The baseline survival curve, representing the subject’s
outcome if she took no action to change her cancer risk, is shown first. Next, she is shown a sample of the
management curves. If the subject does not currently have breast cancer, she is next shown incidence curves in
the same manner that she viewed the survival curves. Throughout the process, the subject is asked questions to
ensure that she understands the curves as well as providing an opportunity for her to ask questions. The
research coordinator answers questions covered in the pre-specified script, but addition questions are referred to
counselors at CREP. After the decision aid has been reviewed the subject is told that another staff member will

call her in a month to complete a follow up questionnaire.
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To date, there have been 32 subjects enrolled in the study, 32 have completed and returned the
“Assessment of Risk Factors & Interest in Risk Reduction Options” questionnaire, 30 have completed the
interview session, and 27 have completed the follow-up telephone questionnaire. This results in a response rate
of 84%.

Although, the recruitment rate is lower than we had envisioned, we have seen a major increase in
subjects enrolled in the past year. As of January 2002 there were still only two completed interviews. This low
recruitment rate is due to several factors. Low numbers include a slower than anticipated uptake of testing for the
BRCA1 and BRCA2 mutations in general, and specifically among cancer free men and women. The majority of
women who are testing positive for the presence of a BRCA1 or BRCA2 mutation have already been diagnosed
with advanced breast or ovarian cancer, and are undergoing treatment. Thus the number of healthy women who
are being tested in order to understand their personal and familial risks is small. In addition, we encountered
technical problems with the DSS at the beginning of 2002, and this resulted in a temporary halt in recruitment.

We explored many possibilities to increase enrollment. Patients who tested positive for a mutation
through the CREP before this study began were contacted to see if they were interested in participating.
However, many had taken some action to manage their risk since being tested, making them not eligible for the
study. Recently, CREP offered a no cost test to men and women in families with known mutations; this provided
us with a new group of healthy women who were likely to be BRCA1 or BRCA2 mutation carriers. Another option
involved the possibility of expanding to other hospitals with genetic testing programs within the Philadelphia area.
Collaboration with the University of Pennsylvania-owned Pennsylvania Hospital has lead to a successful
enroliment of eligible subjects. Collaboration with the Cancer Network, specifically Administrative Director,
Jeanne Rogers, R.N., M.Ed. and coordinator Mary Sharon Rumsey, R.N., M.SN, which is part of the University of
Pennsylvania Cancer Center, was also investigated as a possible means of recruitment, as was the possibility of
expanding to other sites outside of Philadelphia. However, expansion to new sites would have had significant
statistical and financial implications and was felt not to be feasible by the study investigators. Based on time

constraints we choose to concentrate on sites located in the Philadelphia area.
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Recruitment was enhanced by direct outreach to Ashkenazi Jewish communities, since BRCA1 and
BRCA2 mutations are more frequent in this population.'® Advertisements were placed in four local Jewish
newspapers: Jewish Exponent, Main Line Times, Jewish Community Voice, and Jewish Voice. We also placed
the ad in 15 local Jewish temple and synagogue newsletters. The advertisements ran for one to two months, and
most of the temples and synagogues allowed us to run our ad for free in their newsletter.

In addition, outreach to other organizations was conducted over 2002 in attempts to further increase
enrollment. In April of 2002 we posted an announcement about the study on Facing Our Risk of Cancer
Empowered website's message board (www.facingourrisk.org). This site provides information and support for
women who have or are at high-risk for the BRCA 1 or 2 mutations. At a past conference for young breast cancer
survivors, sponsored by the organization Living Beyond Breast Cancer, we distributed flyers to members.
Through these recruiting techniques we received a number of calls from women interested and willing to
participate in the study. Unfortunately, a majority of interested women were ineligible because they either were
not tested for the mutation or they lived too far to travel to our site.

Recently, we have been improving our response rate by following up with subjects who enrolled in the study but
were unable to travel to our site for the initial meeting. The research coordinator has been traveling, by car, to
subjects’ homes to complete the meeting. This process has run smoothly and has been a positive experience.
Subjects, especially those subjects receiving the intervention, seemed to be more relaxed and receptive of the

information. This process could be considered for future similar studies.
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Results of Randomized Controlled Trial:

Thirty-two women were enrolled in the trial, and 27 women completed follow-up. Three subjects dropped out

because they were either unable to travel to the site or commit to a time for the research coordinator to fravel to

them, one subject was no longer
eligible for the study, and one subject
was not able to be reached to
complete the follow-up questionnaire.
Subject characteristics are reported
in Table 1. None of the women
reported having diabetes or high

blood pressure. Four women

medication for heart disease.

Table 1. Subject Characteristics

Baseline Attitudes and

Knowledge:

Knowledge about risks of breast

cancer, ovarian cancer and

CHD, as well as the impact of

intervention on those risks are

reported in Table 2.

In general, women appeared to

Overall Intervention Control P-
(n=32) {n=16) (n=186) value
Mean age, yrs. (range) 43(26-59) | 45(30-59) 42 (26-54)
Caucasian (%) 100 100 100 -
Breast cancer (%) 48 46 50 0.84
College educated (%) 80 83 92 0.63
Cancer anxiety* 11.8(6-23) | 11.3(6-19) | 124(6-23) | 0.55
Information seeking preference* | 13.2(10-26) | 124 (10-16) | 14(10-26) | 0.22
Decision making preference # 39.4 (28-53) | 40.2(29-53) | 38.6(28-52) | 0.57
* Revised Impact of Event Scale, higher score indicates higher cancer anxiety
# Autonomy Preference Index, higher score indicates greater desire for information or autonomy.
reported having high cholesterol and six were unsure if they had high cholesterol- none were on cholesterol
medication. No women had a prior myocardial infarction, had previously been diagnosed with angina, or took a
Overall Control Intervention
P-value
(n=27) (n=14) (n=13)
Chance of breast cancer by age | g7 5 (00.95) | 69.3(40-90) | 65.9(20-95) | 0.69
70 with mammograms only ’ ’ ’ '
With prophylactic
mastectormy 9.5 (0-40) 6.7 (0-40) 13.5 (5-25) 0.09
With prophylactic ! g :
oophorectomy 24.7 (0-80) 20.6 (0-50) 31.1(5-80) 0.28
With tamoxifen 32.7 (0-60) 29.5(0-60) | 38.1(20-50) 0.30
With HRT after menopause 43.7(5-95) 40.9(5-80) | 46.9(20-95) 0.63
With raloxifene after
menopause 35.2 (0-80) 324 (0-80) | 39.3(20-50) 0.53
Chance of ovarian cancer by
age 70 with no surgery 50.3 (20-100) | 37.3(20-70) | 65.8(30-100) | 0.005
With prophylactic g g
oaphorectomy 5.4 (0-20) 3.9(0-20) 7.8 (0-20) 0.16

have relatively accurate

Table 2. Patient estimates of personal risk of cancer at baseline
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perceptions of the risk of breast cancer and the effects of prophylactic surgery, tamoxifen or raloxifene on that

risk. Perceptions of the risk of ovarian cancer were higher than those found in most studies of BRCA1/2 mutation

carriers (and provided in the clinical counseling session). Women were asked to estimate their risk of heart

disease with and without HRT or raloxifene but less than half of participants completed those items.

Intentions about future cancer risk related health care decisions were assessed by asking whether participants

had previously used the intervention
in question, were planning to use it in
the next 6 months, or were planning
to use it sometime after 6 months
from now (Table 3). Prophylactic
surgery prior to enrollment was
relatively common with approximately
10% of women having undergone
prophylactic mastectomy and 40%
having undergone prophylactic
oophorectomy. In addition,
approximately 15% of women had

taken tamoxifen prior to enroliment.

Table 3. Behavioral Intentions at Baseline

Overall Intervention Control P-
(n=32) (n=16) (n=16) value
Prior to enroliment 14 231 0
& | in next 6 months 14.8 0 286
in future 141 78 14.3
Prior to enroliment 407 46.2 357
® [innext 6months | 296 308 286 041
in future 14.8 77 214
< | Prior to enroliment 14.8 15.3 143
% in next 6 months 74 1.7 74
E in future 74 0 14.3
Prior to enrollment 14.8 154 14.3
'gg‘: in next 6 months 141 154 7.1
in future 111 0 214
@ | Prior to enrollment 1.1 231 0
% in next 6 months 74 7.7 74
€ | infuture 114 0 214

15
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Effects of the Ihtervention:

The primary outcome of the trial was decision satisfaction. Secondary outcomes included knowledge of the effects

of alternative management options on cancer risk, anxiety and depression, and behavior and behavioral

intentions. Decision satisfaction was measured with a twelve item scale that included all items from two previously

published scales: the Satisfaction with Decision Scale and the Decisional Conflict Scale, located in the follow-up

questionnaire (Appendix C). All items were coded so that higher scores indicated great decision satisfaction. This

12 item scale had high intemal consistency (Cronbach’s alpha 0.86). Knowledge was measured by asking

participants to estimate their lifetime risk of breast and ovarian cancer with and without alternative management

options. Anxiety and depression were measured with two instruments: the Intrusion Subscale of the Revised
Impact of Event Scale which measures cancer related anxiety and the Hopkins Symptom Checklist 25 which

contains subscales measuring general anxiety and depression. Behavior and behavioral intentions about

alternative management options were measured by asking participants to select the decision that best matched

their current situation. Response options included: did not consider, decided against, still considering, planning to

have in the future, have had or am scheduled to have in the next 6 months.

Decision Satisfaction

Women who were in the Decision
Support System arm reported higher
satisfaction with their decisions than did
women in the control arm. This
association was present in univariate
analysis (mean Decision Satisfaction

Score 31.2 vs. 26.2, p=0.04) and

Table 4. Effect of Decision Support System on Decision Satisfaction*

Coefficient SE P-value

Decision Support Intervention 9.67 214 <0.0005
Baseline Cancer Anxiety* 0.68 0.22 0.007
Breast history

No cancer, no prior PM - -

Prior cancer, no prior PM 9.38 4.55 0.06

Prior cancer and prior PM 12.46 278 0.001
Ovarian history

Prior PO 9.79 2.56 0.002

# Adjusted for age, education, and marital status.
* Change in decision satisfaction for each one point increase in anxiety

increased in magnitude after adjusting for baseline differences in demographic characteristics and prior cancer

and prophylactic surgery decisions (Table 4). Adjustment for baseline levels of cancer anxiety (as measured by
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the Revised Impact of Event Scale) did not affect the strength of the association between the Decision Support
System and decision satisfaction. However, baseline cancer anxiety level modified the effect of the Decision
Support System on decision satisfaction with significantly greater benefits seen among women who had lower
levels of anxiety than among women who had higher levels of anxiety (Table 5). This interaction between baseline

anxiety and treatment group on decision satisfaction was statistically signiﬁcant whether anxiety was analyzed as

a continuous variable (p-value =0.03), in quartiles (p-value Table 5. Effect of Decision Support System on Decision
) ) ) Satisfaction according fo Baseline Level of Cancer Anxiety*
=0.04), or as a dichotomous variable (e.g. above median vs.

Mean Difference in Decision

equal to and below median, p=0.01). The effect of the Satisfaction Scores between
Intervention and Control Arm

Decision Support System was not modified by age, Baseline Cancer Anxiety*
. . . . Lowest quartile 14.2
education, marital status, prior cancer or prophylactic surgery
Second quartile 13.7
history, or preferences for information or autonomy in medical Third quartile 6.78
. . Highest quartile 27
decision makmg' # Adjusted for age, education, marita! status, prior cancer and

orophvlactic suraerv historv.

In addition to the Decision Support System, higher decision satisfaction at follow up was associated with cancer
anxiety at baseline and having had breast cancer or a prophylactic mastectomy prior to enroliment. Having had a
prophylactic oophorectomy prior to enrollment was inversely associated with decision satisfaction at follow-up.
Age, education, marital status, and preferences for information or autonomy in medical decision making were not

associated with decision satisfaction.

We then explored the association between the Decision Support System and different domains of decision
satisfaction. First, we reconstructed the two published scales related to decision satisfaction - the Satisfaction
with Decision Scale (items f,i,j,k,and I) and the Decisional Conflict Scale (items a,b,c,d,e,g,h). These scales had
reasonable internal consistency with a Cronbach’s alpha of 0.76 for the Satisfaction with Decision Scale and 0.79

for the Decisional Conflict Scale. Interestingly, the Decision Support System was more strongly associated with
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reductions in scores on the Decisional Conflict Scale (adjusted mean difference - 7.86, p=0.001) than scores on
the Satisfaction with Decision Scale. (adjusted mean difference 1.98, p=0.08). In addition, we used principal
components analysis to assess the

Table 6. Principat Components Analysis of Decision Satisfaction Scale
presence of multiple domains within the

1 2 3
overall 12 item scale. Three separate ~ |-Eiden value 538 | 182 | 1.70
\ \ o a. Decision hard to make 0.39 0.70 0.30
components were identified, with Eigen [ Unsure what to do 003 | 095 0.03
¢. Clear which choices are best 040 0.78 -0.06
values of 5.38, 1.92 and 1.70 d. Aware of management options 013 | 007 | 085
e. Know benefits of management options 0.41 0.42 0.56
respectively. Table 6 reports the f. Satisfied that adequately informed 0.10 -0.04 0.85
| g. Know risks of management options 0.64 -0.08 0.30
. . . h. Making an informed choice 0.93 -0.05 0.06
rotated loadings of the different items i. Satisﬁ%! these are my decisions to make 0.01 0.46 0.54
j. Expect to carry out my decisions 0.82 0.24 0.20
on the three components. Based upon | k. Decisions consistent with personal values 093 | 015 | 015
|, Decisions best possible for me personally 0.87 0.36 -0.01

these loadings we constructed three

subscales, A (items g,h,j,k,and I), B (items a,b,c,) and C (items d,e.f,i). Subscale B corresponded to the decision
uncertainty subscale of the Decisional Conflict Scale (items a, b, ¢) so we refer to it as the Decision Certainty
Subscale. It had high internal consistency (Cronbach’s alpha 0.86). Subscale A also had a high internal

consistency (Cronbach’s alpha 0.88) and » . ,
Table 7. Impact of Decision Support System on Decision Resolution

we called this the Decision Resolution Coaficont e Cvalie
Subscale. Subscale C had somewhat Decision Support Intervention 428 1.15 0.002
Baseline Cancer Anxiety* 0.27 0.12 0.03
lower internal consistency (Cronbach’s Breast history
alpha 0.74) and we called this the Informed No cancer, no prior PM - - -
Prior cancer, no prior PM 416 244 o
Decisions Subscale. Prior cancer and prior PM 6.97 1.50 0.001
Ovarian history
Prior PO -5.67 1.38 0.01
Women in the Decision Support System Marital status (Married vs. unmarried) |  3.32 175 0.08
arm had significantly high decision Edugation
Less than college - - -
certainty (adjusted mean difference 4.27 p- College 4.05 175 0.04
Graduate school -2.91 1.85 0.14

# Adjusted for age
* Change in decision resolution for each one point increase in anxiety




value =0.01) and decision resolution (adjusted mean difference 4.18 p-value =0.001) than women in the control
arm. However, there was no difference in the Informed Decisions Subscale between the two groups (mean
difference 0.80, p-value =0.50). In addition, several other factors were significantly associated with scores on the
Decision Resolution Subscale, including baseline cancer anxiety, prior cancer and prophylactic surgery history,
and education (Table 7). These factors were not significantly associated with scores on the Decision Certainty or

Informed Decisions subscales.

Knowledge:

Women in the Decision Support System arm did not differ significantly from women in the control arm in their
estimates of the effect of alternative management options on cancer risk, although there was a trend towards
women in the Decision Support arm reporting higher estimates of the effect of interventions on cancer risk. (Table
8). Women in both the Decision Support and control arms continued to have difficulty completing the risk

estimation items with approximately a third of women leaving each item blank. The level of missing data did not

differ between study arms.
Table 8. Estimated effect of management options on cancer risk
. . Intervention | Control | P-
Anxiety and Depression: (n=13) (n=14) | value
. " , Change in breast isk
Women in the Decision Support System arm did not 2hgo ™ reas” cancer e
With PM -50.3 -286 | 0.08
differ significantly from women in the control arm in With PO -38.5 -19.0 | 0.13
\ ] With tamoxifen -30.0 -159 | 0.19
levels of anxiety or depression at follow-up. The
Change in ovarian cancer risk
adjusted mean difference in RIES score was 0.16 With PO 457 233 | 0.11

(p=0.89) between women in the intervention and control
arms. Although women in the intervention arm did have lower scores on the HSCL (adjusted mean difference -

2.89), this difference did not reach statistical significance (p=0.45).
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Behavior and Behavioral Intentions:

Women in the Decision Support Arm did not differ from women in the contro!l arm in their decisions about cancer
risk management strategies. Among women who had not undergone prophylactic mastectomy prior to enroliment,
33% of women in the intervention arm and 53% of women in the control arm were considering undergoing
mastectomy in the future. One woman in each arm had had or had scheduled a prophylactic mastectomy. Among
women who had not undergone prophylactic oophorectomy prior to enrollment, 50% of women in the intervention
arm and 38% of women in the control arm had undergone or had scheduled a prophylactic oophorectomy at the
time of follow up. The remaining women in both arms were planning to undergo oophorectomy in the future.
Among women who were not on Tamoxifen at the time of enroliment, 40% of women in the intervention arm and
54% of women in the control arm were considering taking tamoxifen in the future and 30% of women in the
intervention arm and 9% of women in the control arm were planning to take tamoxifen in the future. None of these

differences reached statistical significance (all p-values >0.20).

Conclusion
This project has demonstrated that the development of an individualized decision support system (DSS)

that uses survival curves to provide information about expected outcomes of alternative management strategies is
feasible and that the use of this DSS among women with BRCA1/2 mutations is associated with increased
decision satisfaction without increased cancer anxiety. Furthermore, the effect of this DSS was largest for
measures of decision resolution and decision certainty, rather than measures assessing knowledge or perceptions
of being informed - suggesting that the mechanism by which the DSS affects decision satisfaction may be
independent of its ability to improve accurate understanding of complex risk information. This finding is supported
by the relative greater impact of the DSS among women with low levels of cancer anxiety at baseline, than among
women with high levels of cancer anxiety at baseline. As suggested by trials of decision support in other settings,

the use of the DSS was not associated with differences in the cancer risk management options that were chosen,
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with the majority of women in both arms undergoing prophylactic oophorectomy and relatively few women in either
arm undergoing prophylactic mastectomy.

The completion of this project has also highlighted several important methodological issues related to the
development and implementation of decision support. In general, evidence changes rapidly in controversial, high
stakes areas in medical care - the same areas which often appear appropriate for decision support. Thus, even
when the ability to incorporate new evidence is planned into the decision support system, as was done in this trial,
the perceived utility of decision support may change substantially over time as new evidence emerges that affects
the level of uncertainty about the optimal decision. For instance, in the current trial, the publication of evidence
demonstrating a greater than 95% reduction in ovarian cancer risk with prophylactic oophorectomy greatly
reduced the sense of uncertainty about the use of prophylactic cophorectomy for women with BRCA1/2 mutations
and affected the leve! of interest in decision support among women with BRCA1/2 mutations. This effect has been
even more evident for the several trials of decision support for decisions about postmenopausal hormone
replacement therapy. The publication of the Women'’s Health Initiative reduced the sense of uncertainty about
these decisions and essentially ended trials of decision support (Nananda Col- personal communication).
Importantly, this effect occurs even when the content in the decision support system can be updated to include the
new information. Thus, randomized controlled trials of traditional, content based approaches to decision support
are likely to be high risk as the need for decision support may no longer exist by the end of the trial. New decision
support strategies are needed, potentially including the development of more generalizable methods to help
patient's value trade-offs, understand risk or anticipate emotional reactions outside of any specific content area.
Such strategies may be able to be moved quickly from one area of controversial, high-stakes decision making to
another, as dictated by the available evidence. As demonstrated by this project, the use of survival curves to
present risk information over time is a promising strategy that should be tested in this new model.

The results of this trial are currently being submitted for publication. In addition, we are currently
developing a methodological review highlighting the questions raised by this trial and similar frials. Because this

trial demonstrated that this DSS is beneficial for women who are found to carry BRCA1/2 mutations, we are
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working with the clinical program at the University of Pennsylvania to devise methods to include and assess this
intervention in clinical practice. This project has directly contributed to the successful application for Centers in
Excellence in Cancer Communication at the University of Pennsylvania (K. Armstrong and J.S. Schwartz as co-
investigators) and at the University of Michigan (P.A. Ubel, project leader). These P50 Centers logically extend the
results of this project to improve cancer related decision making in several important areas, including the use of
tamoxifen for breast cancer prevention and adherence to lifestyle modification for cancer risk reduction.

Ultimately, this approach to individualized decision support has the potential to greatly improve decision

satisfaction in many different high stakes decisions throughout the cancer continuum.
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Key Research Accomplishments

Booklet Development

o Booklet completed and published August 2000.

o Booklet supplemental information created November 2002.

Computerized Decision Support System (CDSS) Development

o Linking of the model to the interface was completed in October 2000.

o The CDSS successfully implemented for use in the Randomized Control Trial November 2000.

Randomized Control Trial

o Decision Aid developed and published for use November 2000.

o Creation of advertisement strategies to target high-risk groups to increase enroliment October 2002.

e Expansion of recruitment to Pennsylvania Hospital September 2001.

e RCT completed June 2003.
- 32 women enrolled in the study.
- 32 women returned and completed assessment of risk questionnaires.
- 30 women completed visits and baseline questionnaires.

- 27 women completed follow-up telephone questionnaire.
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Reportable Outcomes

Published Manuscripts (Appendix F)

Armstrong K, Schwartz JS, Randall TC, Rubin SR, Weber BL. Hormone replacement therapy and life
expectancy after prophylactic oophorectomy in women with BRCA 1/2 mutations. Journal of Clinical

Oncology, in press.

Armstrong K, Schwartz JS, FitzGerald G, Ubel P. Effect of framing as gain vs. loss on hypothetical treatment

choices: survival and mortality curves. Medical Decision Making, Jan-Feb 2002: 76-83.
Armstrong K, Stopfer J, Calzone K, FitzGerland G, Coyne J, Weber B. What does my doctor think?
Preferences for knowing the doctor's opinion among women considering clinical testing for BRCA 1/2

mutations. Genetic Testing. 2002; 34: 590-595.

Ammstrong K, FitzGerald G, Schwartz SJ, Ubel PA. Using survival curve comparisons to inform patient

decision making: Can a practice exercise improve understanding? J Gen Intern Med. 2001; 16:482-485.

Armstrong K, Chen T, Albert D, Schwartz SJ. Cost-Effectiveness Analysis of Raloxifene and Hormone

Replacement Therapy in Postmenopausal Women. Obstetrics and Gynecology. 2001; 98(6): 996-1003.

Armstrong K, Calzone K, Stopfer J, FitzGerald G, Coyne J, Weber B. Factors associated with decisions

about clinical BRCA1/2 testing. Cancer Epidemiol Biomarkers Prev. 2000;9:1251-1254.
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Booklet Update

Since the publication of Health Care Options for Women at Risk for Breast and Ovarian
Cancer in 2000, scientist continue to learn more about BRCA1 and BRCA2 mutations. In
order to provide you with the most recent information we have added this supplement to the
booklet.

The information in this booklet was designed to help women with a BRCA 1 or 2 mutation
make decisions about managing future cancer risk. For women with a current diagnosis of
breast cancer, this information may not be directly relevant to their decisions about current
cancer treatment. For example the role of tamoxifen for breast cancer prevention is
different from the role of tamoxifen for breast cancer treatment, and these differences
should be discussed with your doctor.

Recent data from a randomized control trial among healthy, postmenopausal women with a
uterus showed that hormone replacement, with estrogen and progestin, slightly increases
the risk of coronary disease and breast cancer, and decreases the risk of bone fractures.
The use of hormone replacement therapy (HRT) in women with a uterus is no longer
thought to increase overall life expectancy.

Recent findings from a study about oral contraceptives and breast cancer risk has shown
that current and former oral contraceptive use among women 35-64 years of age does not
increase the risk of breast cancer. One smaller study suggests that use of oral
contraceptives before age 30, for 5 or more years, or before 1975 slightly increases the risk
of breast cancer in women with BRCA1 mutations but not in women with BRCA2 mutations.

Even at the time of this update, the medical community continues to learn more about
BRCA1 and BRCA2 mutations, and new options for managing cancer risk may become
available at anytime. Regular contact with health care providers can keep women with
BRCA 1 or BRCA2 mutation up to date of new information.




Appendix B
Introduction to study letter

Study packet cover letter

Katrina Armstrong, M.D.



AN Or
HEALTH SYSTEM o iaicine

Department of Medicine
Division of General Internal Medicine

Dear Ms. XX,
We are currently conducting a study at the Cancer Risk Evaluation Program that

we believe you may be interested in participating. This study, “Decision Aid for Women
Navigating Cancer Risk,” aims to improve the information that women with either a
BRCA1 or BRCA2 mutation receive about their risk management options. Because
managing your risk is a complex decision, involving complicated information, we are
constantly searching for new and better ways to help women with a BRCA mutation
understand their options for cancer risk management. By participating in this study, you
will receive extra information to help you manage your risk of developing breast or
ovarian cancer. Participating in this study will not affect your eligibility for studies
involving new cancer risk management options.

We will contact you within the next two weeks to answer any questions you may
have about this study and to see if you are interested in participating. Please feel free to
contact the research coordinator, Nikki, at 215-573-7907 if you would like to learn more
about the study sooner. If you agree to participate we will send you additional material
for review covering the options available to women of your status. If you choose not to
participate, your health care will in no way be compromised, as this is a voluntary study.

We look forward to speaking with you in the near future.

Sincerely,

Katrina Armstrong, MD Barbara Weber, MD

Nikki Peters
Research Coordinator

1233 Blockley Hall » 423 Guardian Drive * Philadelphia, PA 19104-6021 * Office: (215) 898-0957 « Fax: (215) 573-8778 « karmstro@mail med.upenn.edu




UNIVERSITY OF

PENNSYLVANIA

sect AAAINng, M.D.
HEAITH SYSTEM e Profacsor & Modicine
Department of Medicine

Division of General Internal Medicine

Dear Ms. XX,

Thank you for your interest to participate in the “Decision Aid for Women Navigating
Cancer Risk” study. This study aims to improve the information that women with either a BRCA1
or BRCA2 mutation receive about their risk management options. Because managing your risk is
a complex decision, involving complicated information, we are constantly searching for new and
better ways to help women with a BRCA mutation understand their options for cancer risk
management. By participating in this study, you will receive extra information to help you manage
your risk of developing breast or ovarian cancer. Participating in this study will not affect your
eligibility for studies ’invol'ving new cancer risk management options.

Enclosed you will find the “Assessment of Risk Factors & Interest in Risk Reduction
Options Questionnaire”, the “Health Care Options for Women at Risk for Breast and Ovarian
Cancer” booklet, and a consent form. Please complete this questionnaire and send it back to us
in the self-address envelope that has been provided. The booklet is for you to keep. The
consent form describes in detail the study and what your participation will involve. Please review
and bring the booklet and unsigned consent form with you to the counseling session.

Upon receiving the completed questionnaire we will contact you to set up a time to meet
with the research counselor. If you have any questions before then please feel free to call Nikki
Peters at 215-573-7907. Thank you again for your interest.

Sincerely,

Katrina Armstrong, MD Barbara Weber, MD

Nikki Peters
Research Coordinator

1233 Blockley Hall - 423 Guardian Drive » Philadelphia, PA 19104-6021 + Office: (215) 898-0957 * Fax: (215) 573-8778 * karmstro@mail med upenn.edu




Katrina Armstrong, M.D.

Appendix C
Assessment of Risk Factors & Interest in Risk Reduction Options questionnaire

Decision Aid for Women Navigating Cancer Study baseline questionnaire

Decision Aid for Women Navigating Cancer Study foliow-up questionnaire




Decision Aid for Women Navigating Cancer Study (DAWN)

Assessment of Risk Factors & Interest in Risk Reduction Options
Please answer the following questions about your personal medical history as well as your interest
in risk reduction options. Thank you.

1. Name

Daytime Phone Number

Age

2. Do you have high blood pressure? OYes [INo  [_INotsure
What was your most recent blood pressure reading (if known)?

Do you take medication for high blood pressure? [ Yes [CNo  [CINotsure

3. Do you have diabetes? [JYes [INo  [INotsure
4. Do you have high cholesterol? [JYes [No  [INotsure
What was your most recent cholesterol reading (if known)? Total:

LDL (“bad cholesterol”).
HDL (“good cholesterol’):
Do you take medication for high cholesterol? [OYes [No  [INotsure

5. Do you smoke cigarettes? [OJYes [INo  [INotsure
If yes: How many cigarettes do you smoke a day?

6. Have you ever had a heart attack? [OYes [INo  [INotsure
Have you ever had angina? OYes [CINo [ INot sure
Do you take medication for heart disease? [OYes [INo  [INotsure
7. Have you ever had breast cancer? OYes [No  [INotsure

If yes, was it node positive or node negative?
] Node positive [INode negative [CINot sure




| l‘ N

8. Have you ever had ovarian cancer? [JYes [No  [[INotsure
9. Do you have osteoporosis? [lYes [INo  [INotsure

Please answer the following questions about your interest in some options for managing your

health by circling one number for each question below.

1. Are you interested in participating in clinical trials (research studies) of investigational cancer
risk reducing treatments?

1 2 3 ‘ 4 5
Not at all interested Extremely interested

2. Are you interested in having a prophylactic mastectomy?

1 2 3 4 5
Not at all interested Extremely interested

3. Are you interested in having a prophylactic oophorectomy?

1 2 3 4 ‘ 5
Not at all interested Extremely interested

4. Are you interested in taking tamoxifen (Nolvadex™; for cancer risk reduction?

1 2 3 4 5
Not at all interested Extremely interested

5. Are you interested in taking hormone replacement therapy after menopause?

1 2 3 4 5
Not at all interested Extremely interested

6. Are you interested in taking raloxifene (Evista™) after menopause?

1 2 3 4 5
Not at all interested Extremely interested




Decision Aid for Women Navigating Cancer Study (DAWN)

Women found to have a BRCA1 or BRCA2 mutation are faced with many options for managing their risk of developing
breast and/or ovarian cancer. These management options range from taking tamoxifen (Nolvadex™;) to having a
prophylactic mastectomy. In addition, women entering menopause may be faced with decisions about therapies such
as hormone replacement therapy (HRT) or raloxifene (Evista™;) that may also affect their risk of osteoporosis and
heart disease.

Now, thinking about the choices that you may be facing, please look at the following comments other people have
made. Please circle the number from 1 (strongly agree) to 5 (strongly disagree) that best shows how you feel about
the decisions you are facing.

Neither
Sgorr;%!y Agree | agreenor | Disagree (?itsrgn?;)é
S disagree )
These decisions are hard for me to make. 1 2 3 4 5
I'm unsure what to do in this situation. 1 2 3 4 5
It's clear which choices are best for me. 1 2 3 4 5
I'm aware of the management options | have to modify my 1 9 3 A 5
risk.
| feel | know the benefits of the management options for 1 9 3 4 5
my risk.
| am satisfied that | am adequately informed about the 1 9 3 4 5
issues important to my decision.
I feel | know the risks and side effects of the management 1 9 3 4 5
options for my risk.
| have the right amount of support from others in my 1 9 3 4 5
decision making process.
| feel | am making an informed choice. 1 2 3 4 5
My decision shows what is most important for me. 1 2 3 4 5
| expect to stick with my decision. 1 2 3 4 5
| am satisfied that these are my decisions to make. 1 2 3 4 5
| expect to successfully carry out the decisions that | am 1 9 3 4 5
making.
| am satisfied that my decisions are consistent with my 1 9 3 4 5
personal values.
The decisions that | am making are the best possible for 1 9 3 4 5
me personally.




For the next set of items, please tell us whether you strongly disagree, somewhat disagree, neither agree nor disagree,

somewhat agree, or strongly agree.

Strongly | Somewhat a';gg]ﬁgr Somewhat | Strongly
disagree disagree disagree agree agree

The important medical decisions should be made by your
doctor, not by you.

You should go along with your doctor's advice even if you
disagree with it.

When hospitalized, you should not be making decisions about
your own care.

You should feel free to make decisions about everyday
medical problems.

If you were sick, as your illness became worse, you would
want your doctor to take greater control.

You should decide how frequently you need a check up.

Now suppose you developed a sore throat, stuffy nose, and cough that lasted for three days. You are about to call your
doctor on the telephone. Who should make the following decisions? Should it be you alone, mostly you, the doctor and

you equally, mostly the doctor, or the doctor alone?

You Mostly Doc;?jr& Mostly | Doctor
alone you egu ally doctor alone

Whether you should be seen by a doctor.

Whether a chest x-ray should be taken.

Whether you should try taking cough syrup.

Suppose you went to your doctor for a routine physical examination and he or she found that everything was all right
except that your blood pressure was high (170/100). Who should make the following decisions? Should it be you alone,
mostly you, the doctor and you equally, mostly the doctor, or the doctor alone?

You Mostly Do;é%r& Mostly | Doctor
alone you equally doctor alone

When the next visit to check your blood pressure should be.

Whether you should take time off from work to relax.

Whether you should be treated with medication or diet.




Suppose you had an attack of severe chest pain that lasted for almost an hour, frightening you enough so that you went

to the emergency room. In the emergency room the doctors discovered that you are having a heart attack. Your own

doctor is called

you alone, mostly you, the doctor and you equally, mostly the doctor or the doctor alone?

and you are taken up to the intensive care unit. Who should make the following decisions? Should it be

You Mostly Do;(t)?jr & Mostly | Doctor
alone you equally doctor alone
How often the nurses should wake you up to check your temperature
and blood pressure.
Whether you may have visitors aside from your immediate family.
Whether a cardiologist should be consulted.
For the next set of items, please tell us whether you strongly disagree, somewhat disagree, neither agree nor disagree,
somewhat agree, or strongly agree.
Strongly Sqmewhat aglg;hﬁgr Somewhat | Strongly
disagree | disagree disagree agree agree

As you become sicker you should be told everything about your
illness.

You should understand completely what is happening inside your
body as a result of your iliness.

Even when news is bad, you should be well informed.

Your doctor should explain the purpose of your laboratory tests.

You should be given information only when you ask for t.

It is important for you to know all the side effects of your
medication.

Information about your illness is as important as your treatment.

When there is more than one method fo treat a problem, you
should be told about each one.




Please check the appropriate box next to the statement about you during the past week:

Rarely/none of | Occasionally/ Some/ moderate | Most/ all of the
the time little of the time | amount of time time
(<1/ day) (1-2 days) (3-4 days) (5-7 days)

| was bothered by things that don't usually bother me.

| did not feel like eating; my appetite was poor.

| felt that | could not shake the blues even with help
from my family and friends.

| felt that | was just as good as other people.

| had trouble keeping my mind on what | was doing.

| felt depressed.

| felt that everything that | did was an effort.

| felt hopeful about the future.

| thought that my life had beena failure.

| felt fearful.

My sleep was restless

| was happy.

| talked less than usual.

| felt lonely.

People were unfriendly.

| enjoyed life.

| had crying spells.

| felt sad.

| felt that people dislike me.

| could not get “going.”




The next questions ask about what you think about your risk of developing cancer or heart disease.

What do you believe is your chance of developing breast cancer by age 70 if you have yearly
mammograms, but choose not to have prophylactic surgery, take tamoxifen, or take HRT (Hormone

Replacement Therapy) or raloxifene after menopause? %
...How about if you do have a prophylactic mastectomy? %
...How about if you do have a prophylactic oophorectomy? %
...How about if you do take tamoxifen? %
...How about if you do take HRT after menopause? %
...How about if you do raloxifene after menopause? %

What do you believe your chance of developing ovarian cancer is by age 70 if you choose not to have a
prophylactic oophorectomy? %
...How about if you do have a prophylactic oophorectomy? %

What do you believe your chance of developing heart disease by age 70 is if you choose not to take HRT or

raloxifene at the onset of menopause? %
...How about if you do take HRT at the onset of menopause? %
..How about if you do take raloxifene at the onset of menopause? %

The next questions are about comments made by people concemed about breast cancer (BC), and/or ovarian cancer
(OC). Please tell us how frequently these comments were frue for you during the past week.

During the past week: Not at all Rarely Sometimes

Often

You thought about BC and/or OC when you didn't mean to.

You had trouble falling asleep or staying asleep because of pictures or
thoughts about BC and/or OC that came into your mind.

You had waves of strong feelings about BC and/or OC.

You had dreams about BC and/or OC.

Pictures about BC and/or OC popped into your mind.

Any reminder brought back feelings about BC and/or OC.




Please answer the following questions about some management options that you may have heard of.

Prophylactic Mastectomy (preventative removal of the breasts)

Have you had a prophylactic mastectomy? [Yes [INo
If not, are you thinking about having a prophylactic mastectomy:

In the next month? [JYes [No
In the next 6 months? [JYes [No
In the future? [JYes [No

[INot sure

[CINot sure
[CINot sure
[CINot sure

Prophylactic Oophorectomy (preventative removal of the ovaries)

Have you had a prophylactic oophorectomy? [JYes [No
If not, are you thinking about having a prophylactic oophorectomy:

In the next month? Yes [No
In the next 6 months? [JYes [No
In the future? [OYes [[INo

Tamoxifen (Nolvadex™) for breast cancer prevention

Are you taking tamoxifen? [JYes [CINo
If not, are you thinking about taking tamoxifen:
In the next month [dYes [[INo
in the next 6 months? [CYes [INo
in the future? [JYes [[INo

Hormone Replacement Therapy (HRT) after menopause

Are you taking HRT? [Cyes CINo
If not, are you thinking about taking HRT:
In the next month? [yes CINo
In the next 6 months? [Clves ] No
At the time of menopause? [Cdves [INo

Raloxifene (Evista™) after menopause
Are you taking raloxifene? [Cves I No
If not, are you thinking about taking raloxifene:

[CINot sure
[CINot sure

[ INot sure
[CINot sure

[CINot sure
[CINot sure

[CINot sure
[CINot sure

[INot sure
[INot sure

[INot sure
[CINot sure

[CINot sure




In the next month? [Cyes [ No [CINot sure
In the next 6 months? [Clves [INo [CINot sure
At the time of menopause? [Cyes [CINo [CINot sure




Outcomes of Decision Aid for Women Navigating Cancer Study (DAWN)

As you know, women found to have a BRCA1 or BRCA2 mutation are faced with many options for managing
their risk of developing breast and/or ovarian cancer. You have read and heard about many of your
management options, now, thinking about the choices that you are making, please answer the following
questions about some management options that are available to you.

Participating in Clinical Trials of Investigational Options for Managing Cancer Risk

1. Have you joined a research study of investigational treatments for reducing cancer risk (such as the
STAR ftrial)? [JYes [[INo  [Notsure

If not, are you thinking about participating in a research study of new treatments:

[JYes [INo  [INotsure

Prophylactic Mastectomy (preventative removal of the breasts)

9a. Which of the following best describes your decision about prophylactic mastectomy:
O | never considered having a prophylactic mastectomy.

01 have decided against having a prophylactic mastectomy.

01 am considering having a prophylactic mastectomy.

01 am planning on having a prophylactic mastectomy at a later date.

0 | have had or am scheduled to have a prophylactic mastectomy.

0 Other:

2b. Which best describes your physician's recommendation for this option:
[ Strongly in favor for a prophylactic mastectomy.

O Slightly in favor for a prophylactic mastectomy.

0] Neither in favor for or against a prophylactic mastectomy.

0 Slightly against a prophylactic mastectomy.

0 Strongly against a prophylactic mastectomy.




Prophylactic Oophorectomy (preventative removal of ovaries)

3a. Which of the following best describes your decision about prophylactic oophorectomy:
011 never considered having a prophylactic oophorectomy.

0| have decided against having a prophylactic oophorectomy.

01 am considering having a prophylactic oophorectomy.

0| am planning on having a prophylactic oophorectomy at a later date.

O | have had or am scheduled to have a prophylactic oophorectomy.

0 Other:

3b. Which best describes your physician’s recommendation for this option:
0 Strongly in favor for a prophylactic oophorectomy.

01 Slightly in favor for a prophylactic oophorectomy.

0 Neither in favor for or against a prophylactic oophorectomy.

0 Slightly against a prophylactic oophorectomy.

[ Strongly against a prophylactic oophorectomy.

Tamoxifen (Nolvadex™) for breast cancer prevention
4a. Which of the following best describes your decision about Tamoxifen:
01 never considered taking Tamoxifen.
O | have decided against taking Tamoxifen.
011 am currently considering taking Tamoxifen.
011 am planning on taking Tamoxifen at a later date.
0 | am taking Tamoxifen.
0 Other:

4b. Which best describes your physician’s recommendation for this option:
0 Strongly in favor for Tamoxifen.

0 Slightly in favor for Tamoxifen.




0] Neither in favor for or against Tamoxifen.
O Slightly against Tamoxifen.

[ Strongly against Tamoxifen.

Hormone Replacement Therapy (HRT) after menopause
5a. Which of the following best describes your decision about Hormone Replacement Therapy (HRT):

O | never considered taking HRT.

01 have decided against taking HRT.

011 am currently considering taking HRT.

011 am planning on taking HRT at a later date.
01 am taking HRT.

0 Other:

5b. Which best describes your physician's recommendation for this option:
0 Strongly in favor for HRT.

O Slightly in favor for HRT.

0 Neither in favor for or against HRT .

O Slightly against HRT.

0 Strongly against HRT.

Raloxifene (Evista™) after menopause
6a. Which of the following best describes your decision about Raloxifene:
0| never considered taking Raloxifene.
0 | have decided against taking Raloxifene.
011 am currently considering taking Raloxifene.
011 am planning on taking Raloxifene at a later date.
01 am taking Raloxifene.
O Other:




6b. Which best describes your physician’s recommendation for this option:

O Strongly in favor for Raloxifene.

O Slightly in favor for Raloxifene.

0 Neither in favor for or against Raloxifene.
O Slightly against Raloxifene.

0 Strongly against Raloxifene.

7. Overall where do you feel you are in your decision making process?

01 have not thought about my options for managing my breast cancer risk.

011 have just begun to think about my options for managing my breast cancer risk.

0 1 am deciding on how to manage my breast cancer risk.

011 have decided how to manage my breast cancer risk.

8. Please tell me how many times you have thought about each statement during the past week:

Was it Rarely/None of the time, Occasionally, Somewhat, or most of the time?

Some/

Rarely/none | Occasionally/ moderate Most/ all of
of the time | little of the time amount of time the time
(<1/ day) (1-2 days) (3-4 days) (5-7 days)

a. | was bothered by things that don’t usually bother
me.

b. | did not fee! like eating; my appetite was poor.

c. | felt that | could not shake the blues even with
help from my family and friends.

d. | felt that | was just as good as other people.

e. | had trouble keeping my mind on what | was
doing.

f. | felt depressed.

g. | felt that everything that | did was an effort.

h. | felt hopeful about the future.

i. | thought that my life had been a failure.

j. | felt fearful.

k. My sleep was restless




. | was happy.

m. | talked less than usual.

n. | felt fonely.

0. People were unfriendly.

p. | enjoyed life.

g. | had crying spells.

r. | felt sad.

s. | felt that people dislike me.

t. | could not get “going.”

The next questions ask about what you think about your risk of developing cancer or heart disease. Give
me a percent between 0 and 100%.
9. What do you believe that your chance of developing breast cancer is by age 70 if you have
yearly mammograms, but choose not to have prophylactic surgery, take tamoxifen, or take
HRT (Hormone Replacement Therapy) or raloxifene after menopause in a percentage?
%

10. ...How about if you do have a prophylactic mastectomy? %

11. ...How about if you do have a prophylactic oophorectomy? %

12. ...How about if you do take tamoxifen’ %
13. ...How about if you do take HRT after menopause? %

14. ...How about if you do raloxifene after menopause? %

15 What do you believe your chance of developing ovarian cancer is by age 70 if you choose not

to have a prophylactic oophorectomy in a percentage?
%

16. ...How about if you do have a prophylactic oophorectomy? %

17. What do you believe your chance of developing heart disease by age 70 is if you choose not to

take HRT or raloxifene at the onset of menopause in a percentage? %
18. ...How about if you do take HRT at the onset of menopause? %
19. ...How about if you do take raloxifene at the onset of menopause? %




20.The next questions are about comments made by people concerned about breast cancer (BC), and/or

ovarian cancer (OC). Please tell us how frequently these comments were frue for you during the past

week,_not at all, rarely, somewhat, or often.

During the past week: Not at all Rarely | Sometime | Often
s
a. You thought about BC and/or OC when you didn't mean to.
b. You had trouble falling asleep or staying asleep because of
pictures or thoughts about BC and/or OC that came into your
mind.
c. You had waves of strong feelings about BC and/or OC.
d. You had dreams about BC and/or OC.
e. Pictures about BC and/or OC popped into your mind.
f. Any reminder brought back feelings about BC and/or OC.
21.Thinking about the choices that you are making please listen to the following comments some
people make. Tell me whether you strongly agree, agree, neither agree nor disagree, disagree, or strongly
disagree for each statement that | read to you.
Neither
Strongly agree : Strongly
agree Agree nor Disagree disagree
disagree
a.These decisions are hard for me to make. 1 2 3 4 5
b. I'm not confident with my decisions. 1 2 3 4 5
¢. It's clear which choices are best for me. 1 2 3 5
d. 'm aware of the management options | have to 1 2 3 4 5
modify my risk.
e. | feel | know the benefits of the management
, ) 1 2 3 4 5
options for my risk.
f. | am satisfied that | am adequately informed about
. : - 1 2 3 4 5
the issues important to my decision.
g. | feel | know the risks and side effects of the 1 9 3 4 5
management options for my risk.




h. | feel | am making an informed choice.

i | am satisfied that these are my decisions to make.

j. | expect to successfully carry out the decisions that
| am making.

k. | am satisfied that my decisions are consistent with
my personal values.

1. The decisions that | am making are the best
possible for me personally.
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Decision Making for Women Managing their Cancer Risk

The information that you will find in this folder aims to help you make decisions about
your cancer risk management. There are many options available to you to manage your risk
of breast and ovarian cancer. Because every woman’s situation varies according to personal
and family health history, the information in this folder has been individualized for your par-
ticular situation.As you may remember, at the time you chose to participate in this study, we
asked you some questions about your medical history, ranging from your age to whether you
have had a heart attack. This information was entered into a computer model that computed
your cancer risk according to several options that you have. In this folder, we use survival
curves to show how different choices impact your personal risk. Each curve that you will be
shown represents your management options, such as having a prophylactic mastectomy, and
you will be able to layer these curves on top of each other in order to compare them and

decide which is best for you.

To get the most out of this, we would like to make sure that you understand the curves that
you are being shown. On the following pages you will find several curves with some brief
questions about them. Please read the short introductions, answer the questions to the best of
your knowledge, and review the answers on the back of the page. If you become uncomfort-
able while reviewing the folder, you are free to stop at any time. If you have any questions,

please do not hesitate to ask your counselor.

Thank you for your participation in this study.
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The graph above is a survival curve. It shows the number of people who are alive after
having Treatment C for a condition. At year 0, 100 patients had surgery. The curve shows how
many people are alive at different times after having Treatment C. For example, twenty years
after Treatment C, 54 people are still alive. Please answer the following questions using the
above graph.

1. How many people are alive at year 0?

2. How many people are alive at year 25?

3. How many people died between year 0 and year 30?

4. How many people are alive at year 35?

5. Did more people die between years 0 and 5 or
between years 10 and 15?
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Now, we will show you the correct responses to these questions about this graph. If you have

trouble understanding any of these responses, please discuss them with your counselor. It is impor-

tant that you understand this information so that you can get the most out of the

information that we give you in this folder.

1. How many people are alive at year 0?

2. How many people are alive at year 25?

3. How many people died between year 0 and year 30?
4. How many people are alive at year 35?

5. Did more people die between years 0 and § or between years 10 and 15?2
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This graph has two survival curves that show how many people are alive after either having
Treatment A or Treatment B for a condition. At year 0, 100 patients were given Treatment A and
100 patients were given Treatment B. The curve marked by the solid line shows the patients who
had Treatment B. The curve marked by the dashed line shows the patients who had Treatment A.
The curves show how many people are alive at different times after Treatment A or Treatment B.

1. How many people are alive at year 0 who receive Treatment A?

2. How many people are alive at year 0 who receive Treatment B?

3. How many people are alive at year 15 who receive Treatment A?

4. How many people are alive at year 20 who receive Treatment B?

5. In which group are more people alive at year 30? [ ] Treatment A

[ ] Treatment B
How many more are alive in this group at year 30?
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Now, we will show you the correct responses to these questions about this graph. If you
have trouble understanding any of these responses, please discuss them with your counselor. It
is important that you understand this information so that you can get the most out of the

information that we give you in this folder.

1. How many people are alive at year 0 who receive Treatment A?
2. How many people are alive at year 0 who receive Treatment B?
3. How many people are alive at year 15 who receive Treatment A?
4. How many people are alive at year 20 who receive Treatment B?

5. In which group are more people alive at year 30?

How many more are alive in this group at year 30?

100
100
50
50

[ ] Treatment A
[X] Treatment B
S



Baseline and intervention survival and Incidence curves of a BRCA
positive patient with no history of:

Diabetes

High blood pressure
High cholesterol
Cigarette smoking
Heart attack

Breast cancer
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Short Communication

Factors Associated with Decisions about Clinical BRCA1/2 Testing'

Katrina Armstrong,> Kathleen Calzone, Jill Stopfer,
Genevieve Fitzgerald, James Coyne, and Barbara Weber
Department of Medicine [K. A, K.C,, 1. S, G.F., J. C., B. W.] and Center for
Clinical Epidemiology and Biostatistics [K. A.], University of Pennsylvania
School of Medicine, University of Pennsylvania Cancer Center [K. A., K. C,,
1.S.,1.C., B. W], and Leonard Davis Institute of Health Economics [K. A.],
University of Pennsylvania, Philadelphia, Pennsylvania 19104

Abstract

Testing for mutations in BRCAI and BRCA2 can provide
important information about breast and ovarian cancer
risk to a small but identifiable subgroup of women.
Women who test positive for a BRCA1/2 mutation can
pursue more aggressive cancer surveillance and
prevention regimens. Among families with known
mutations, women who test negative may avoid
unnecessary interventions. Currently, little is known
about the factors associated with the use of clinical
BRCA1/2 testing. The objective of this study was to
determine the factors associated with decisions about
clinical BRCA1/2 testing among women undergoing
clinical BRCA1/2 counseling through a retrospective
cohort study of women who participated in a university-
based clinic offering breast cancer risk assessment,
genetic counseling, and BRCA1/2 testing between January
1996 and April 1998. From the 251 eligible women who
responded to a follow-up survey, 125 (50%) had
undergone or were undergoing BRCA1/2 testing, 86
(34%) had decided not to undergo testing, and 40 (16%)
were undecided about testing, After multivariate
adjustment, we found that women who chose to undergo
BRCA1/2 testing were more likely to have a known
familial mutation [odds ratio (OR), 7.46; 95% confidence
interval (CI), 0.97-62.161, more likely to be Ashkenazi
Jewish (OR, 6.37; 95% CI, 2.68-15.12), more likely to
want cancer risk information for family members (OR,
1.93; 95% CI, 0.99-4.14), more likely to want
information about ovarian cancer risk (OR, 1.69; 95%
Cl, 1.18-3.69), and less likely to be concerned about
insurance or job discrimination (OR, 0.45; 95% ClI, 0.21-
0.94). These associations were also found in the subgroup
of women with a predicted probability of a BRCAI
mutation of =5%. Our study suggests that approximately
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half of eligible women choose to undergo clinical BRCA1/
2 testing after participating in counseling. Women who
have the highest risk of carrying a mutation, and thus the
greatest probability of gaining some useful information
from the test results, are most likely to undergo testing.
Women who undergo testing are also more interested in
ovarian cancer risk information and less concerned about
job and insurance discrimination.

Introduction

Mutations in the cancer susceptibility genes BRCAI and
BRCA2 are associated with a significantly increased lifetime
risk of breast and ovarian cancer (1, 2). Although interest in
genetic testing for cancer susceptibility has grown quickly in
the medical community, deciding about BRCA1/2 testing re-
mains a potentially complex and difficult process.

The primary benefit of BRCA1/2 testing is the information
that can be gained about individual and familial breast and
ovarian cancer risk. This information may have significant
implications for decisions about cancer surveillance and cancer
prevention (3, 4). The limitations and risks of BRCAI/2 testing
are complex (4-6). Currently available options for cancer
surveillance and prevention have limited efficacy and/or in-
volve significant trade-offs (4). Furthermore, the cancer risk
information gained from testing is limited in most contexts.
Qutside of families with known mutations, most women test
negative and have little change in their predicted risk of breast
or ovarian cancer (3). For these women, testing may be unlikely
to affect their surveillance or risk reduction regimens. The
adverse psychological consequences of positive or negative
tests and employment, social, or insurance discrimination are
often cited as potential drawbacks to undergoing BRCAI/2
testing (5, 6). In addition, full BRCA1/2 testing currently costs
over $2,500, and insurance coverage is variable (7).

Currently, little information is available regarding the up-
take of BRCA1/2 testing in a clinical setting or the reason
women decide against undergoing testing. To date, most studies
have focused on high-risk families offered testing through
research protocols (8, 9). The aims of our study were to deter-
mine the proportion of women who undergo BRCA1/2 testing
and the factors associated with decisions about BRCA1/2 test-
ing among women undergoing BRCAI/2 counseling at a clin-
ical breast cancer risk assessment program that offers genetic
testing as a clinical service.

Materials and Methods

Study Setting. The University of Pennsylvania BCREP? is a
multidisciplinary clinical program that provides breast cancer
risk assessment, genetic counseling, and genetic testing for
BRCA1/2 mutations. The program has provided clinical testing
for BRCA 1/2 mutations to women without cancer since October

3 The abbreviation used is: BCREP, Breast and Ovarian Cancer Risk Evaluation
Program.
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1996. Although research testing is offered selectively based on
eligibility criteria, clinical testing is provided to any individual
who chooses to undergo testing after participating in genetic
counseling. Women with an estimated probability of a
BRCA1/2 mutation of <5% are counseled that they are unlikely
to gain information from testing. During this study, estimates of
the probability of BRCAJ] mutation were provided using a
prediction model developed by Couch et al (10). A similar
BRCA?2 prediction model did not exist at the time of the study.
On the basis of the population genetics of BRCAI/2, non-
Ashkenazi women were told their risk of BRCA2 mutation was
about half that of BRCAI, whereas Ashkenazi women were told
their risk of BRCA2 mutation was equivalent to that of BRCA]
(11). Women who were not considering undergoing BRCA1/2
testing at the time of their visit to BCREP received individu-
alized information about breast and ovarian cancer risk and
surveillance recommendations but did not undergo full pretest
genetic counseling.

Study Design and Subject Selection. A total of 518 individ-
uals participated in the BCREP between January 1995 and
April 1998. Women who had previously requested not to par-
ticipate in further research (n = 22) and men (n = 6) were
excluded. In October 1998, all of the eligible subjects (n = 490)
were mailed a questionnaire, a letter, and a stamped, addressed
envelope. Subjects who did not respond were mailed two re-
minder letters, including questionnaires. The study protocol
was approved by the Institutional Review Board of the Uni-
versity of Pennsylvania.

Data Collection. To identify factors that were associated with
decisions about genetic testing, four focus groups of women
(n = 16) who had participated in the BCREP were held. In each
group, women were asked to list all of the issues that had
influenced their decision about genetic testing. A questionnaire
was developed that asked respondents to rate the importance of
each factor identified in the focus groups on a four-point Likert
response scale (very important, moderately important, a little
important, and not at all important). These factors are listed in
Table 2. In addition, the questionnaire asked subjects if they
had already undergone testing, had decided to undergo testing
in the future, were undecided about testing, or had decided not
to undergo testing. Sociodemographic characteristics and fam-
ily history of breast cancer were obtained from clinical records.

Statistical Analysis. Predicted lifetime risks of breast cancer
for subjects without a diagnosis of breast cancer were calcu-
lated from prediction tables developed by Claus et al (12).
Predicted risks of BRCAI mutation for the BCREP population
were calculated from tables developed by Couch et al.(10).
Because these risks had skewed distributions, Wilcoxon’s rank-
sum test was used in confirmatory analyses. For the primary
analysis, women were characterized by self-report as having
decided not to undergo testing (declined testing group) or
undergoing/having undergone testing (tested group). Women
who were undecided about testing were excluded. Associations
between each variable and the testing decision were examined
using Wilcoxon’s rank-sum test for ordered variables (i.e.,
importance rated on a four-point scale) and the ordinary X test
for dichotomous variables (e.g., very important versus other).
Multivariable analyses were conducted using multiple logistic
regression. Because of correlations between concerns about
health insurance, life insurance, and job discrimination and
between the importance of ovarian cancer risk information and
the importance of help deciding about prophylactic oophorec-
tomy, composite variables were constructed to represent con-
cern about discrimination from testing and interest in informa-

Table I Subject characteristics

Declined

Overall Testing testing Two-tailed
(n=211) (n=125) n = 86) P
Mean age, yrs (range) 44.6 (24-73) 45.8 (24-73) 42.7 (27-73)  0.04
Caucasian (%) 96.8 98.1 94.6 0.21
Ashkenazi (%) 29.9 429 133 0.0005
College education (%) 73.6 77.6 71.7 0.49
Employed (%) 74.0 74.1 77.3 0.72
Breast cancer (%) 30.9 36.5 22.7 0.04
Known familial mutation 6.2 9.7 1.1 0.04
Predicted breast cancer 0.24 (0.13) 0.26 0.21 0.03
risk, mean (SD)*

Predicted BRCAT risk, 0.18 (0.20) 0.24 (0.23) 0.10 (0.07) <0.0005

mean (SD)

4 Among women without a breast cancer diagnosis.

tion about ovarian cancer risk. No other significant correlations
were identified between variables associated with testing in this
sample, including Ashkenazi background and presence of fa-
milial mutation. Each variable associated with testing in biva-
riate analysis at P < 0.10 was tested for inclusion in the model.
The final model included all of the variables whose inclusion
altered the odds ratio for another variable by =10%. Because of
concern that women might perceive the factors that influenced
their decisions differently over time and according to their test
results, we tested interaction terms for calendar time since
counseling and BRCA1/2 test results. To understand the factors
that affected testing decisions among women who had an ele-
vated risk of carrying a mutation, we repeated our analyses in
the subgroup of women with a predicted probability of BRCA!
mutation of =5%.

Results

Of the 490 women to whom surveys were mailed, 10 women
had died, and 36 women had moved. A total of 353 women
returned completed surveys for a response rate of 80%. Non-
responders did not differ from responders in age, predicted risk
of breast cancer, or predicted risk of a BRCAI mutation in the
family (Ps > 0.1). Eighteen women who were not considering
undergoing BRCAI/2 testing at the time of their visit, 76
women who were seen before BRCAI/2 testing was offered to
women without cancer outside of a research protocol, and 8
women who pursued testing through a research protocol were
excluded from these analyses. Of the remaining 251 eligible
women, 125 (50%) women had undergone BRCAI1/2 testing or
were undergoing testing, 86 (34%) had decided not to undergo
testing, and 40 (16%) were undecided about testing (including
14 women who had a family member pursuing testing).

The characteristics of women who underwent testing and
women who decided not to undergo testing are reported in
Table 1. Women who underwent testing were older and more
likely to be Ashkenazi Jewish, to have a diagnosis of breast
cancer, and to have a known familial BRCA! or BRCA2 mu-
tation than women who declined testing. Women who under-
went testing had a slightly higher risk of breast cancer and a
substantially higher risk of carrying a BRCAI mutation than
women who declined testing.

Women who underwent testing were significantly more
likely to rank several potential benefits of testing as very
important in their decision (Table 2). These benefits included
providing cancer risk information for family members, learning
information about ovarian cancer risk, and obtaining help in
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Table 2 Benefits, risks, and limitations of BRCA1/2 testing (reported as the
percentage of subjects rating a factor very important)

Factors Testing  Declined testing Two-tailed
(n = 125) (n = 86) P

Learning about my breast cancer 76.3 73.8 0.69
risk

Learning about my ovarian 76.1 57.5 0.005
cancer risk

Providing information for family 75.8 56.3 0.003
members

Help deciding about prophylactic 38.7 215 0.01
mastectomy

Help deciding about prophylactic 59.1 29.5 0.0001
oophorectomy

Help deciding about estrogen 29.9 28.8 0.89
replacement

Desire to be reassured if test was 73.9 69.7 0.52
negative

Concern about my anxiety if test 36.7 46.3 0.17
was positive

Fear of health insurance 36.1 47.1 0.11
discrimination

Fear of life insurance 28.1 422 0.04
discrimination

Fear of job discrimination 12.4 27.7 0.006

Cost of the test 223 22.9 0.74

My doctor’s recommendation 39.3 321 0.30

My family’s recommendation 30.7 30.0 0.96

Desire to help advance research 46.3 40.0 0.37

Table 3 Adjusted associations with undergoing testing (n = 169)

OR® 95% CT* Two-}gailed
Familial mutation 746 0.97-62.16 0.06
Ashkenazi background 637 2.68-15.12 0.0005
Importance of
Information for family members 193 0.99-4.14 0.05
Information about ovarian cancer risk  1.69  1.18-3.69 0.009
Fear of insurance discrimination 045 0.21-0.94 0.03

“ OR, odds ratio.
# CI, confidence interval.,

deciding about prophylactic oophorectomy and prophylactic
mastectomy. Conversely, concerns about life insurance and job
discrimination were more likely to be considered very impor-
tant by women who declined testing. After multivariable anal-
yses, Ashkenazi background, known familial mutation, fear of
insurance discrimination, importance of information for family
members, and importance of information about ovarian cancer
risk remained associated with use of testing (Table 3). No
interaction was found between the effects of these factors and
calendar time since counseling or BRCAI/2 test results (Ps > 0.2).

Among the subgroup of women (n = 206) with a predicted
probability of a BRCAI mutation of =5%, 60 (29%) women
had declined testing, 116 (56%) women had chosen to undergo
testing, and 30 (15%) women were undecided (including 11
women who had a family member pursuing testing). After
multivariable adjustment, there were no substantial differences
between the associations with testing decisions in this subgroup
and those associations found in the entire sample (data not
shown).

Discussion

This study suggests that approximately two-thirds of women
considering BRCA1/2 testing at the time of their visit to a

clinical cancer risk evaluation program decide to undergo test-
ing after participating in counseling. Women who undergo
testing are at higher risk of carrying a BRCAI mutation, more
likely to want information about ovarian cancer risk for them-
selves and about breast and ovarian cancer risk for family
members, more likely to be Ashkenazi Jewish, more likely to
have a known familial mutation, and less likely to be concerned
about insurance or job discrimination. The association with risk
of BRCAI mutation is present whether measured by predicted
probabilities, the presence of familial mutation, or the presence
of risk factors, i.e., Ashkenazi Jewish heritage.

The associations between the risk of carrying a mutation,
a known familial mutation, and gaining risk information for
family members and decisions about BRCA1/2 testing are re-
assuring. Most experts agree that BRCA1/2 testing should be
targeted to women who are most likely to gain useful informa-
tion from testing (13, 14). Women at higher risk of carrying a
mutation are more likely to be found to carry a mutation, more
likely to gain useful information, and should be more likely to
decide to get tested. Women with a familial mutation will also
gain more information from a negative test, because the cause
of their familial predisposition has been identified. Further-
more, because of the potential implications of genetic testing
for family members, more information is gained from BRCA1/2
testing when the results are salient to other family members.

The relatively greater importance of ovarian cancer risk
information is likely to be multifactorial. First, prophylactic
oophorectomy may appeal to more women than prophylactic
mastectomy, both because prophylactic mastectomy is a more
extensive and potentially disfiguring procedure and because
substantially more evidence exists supporting the efficacy of
breast cancer surveillance than that of ovarian cancer surveil-
lance (15-17). Second, for the majority of women concerned
about their increased breast cancer risk at the time they seek
BRCAI/2 counseling, finding a BRCA1/2 mutation only con-
firms their belief in their increased risk. The information that
testing may bring about ovarian cancer risk may seem like the
bigger change. Third, BRCAI/2 testing was the only method
available to assess individual ovarian cancer risk at the time of
this study, whereas several models were available to predict
breast cancer risk (18).

Although there is little evidence suggesting that insurance
discrimination is occurring at present, the association between
fear of insurance or job discrimination and decisions about
BRCAI/2 testing is disconcerting. Because genetic information
cannot be taken back once received, many women are reluctant
to pursue testing without assurance that discrimination could
not occur in the future. This situation is particularly paradoxical
if women who would have been found to carry a mutation and
taken steps to lower their cancer risk decline testing because of
fear of insurance discrimination. Information gained from
BRCAI/2 testing that results in women choosing interventions
that lower their risk of cancer is good for everyone concerned,
including life and health insurers.

This study both extends and supports the findings of prior
studies of decisions about BRCA1/2 testing. Prior studies using
hypothetical scenarios generally found a majority of women
reported interest in testing, and interest in testing was higher
among women with a higher perceived risk of carrying a
mutation, greater concerns about cancer risk, and more interest
in getting information for family members (19-23). Con-
versely, studies of research family members found that <50%
of participants requested their genetic test results; however,
participants requesting results also rated the benefits of testing
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more highly, knew more about BRCA] testing, and had more
first-degree relatives with breast cancer (8, 9).

Because this study was conducted retrospectively, the de-
cision about testing may have influenced the perceptions and
reporting of the factors that were important in that decision. We
cannot determine to what degree women may have adopted
beliefs after they made their decision to support or justify their
behavior (24). In addition, the factors that women felt were
most important in their decision about BRCAI/2 testing may
have changed over time. Establishing a single time when de-
cisions are made about testing is difficult. In our sample, almost
a fifth of women were still undecided about testing up to 2 years
after counseling. The time point for this study was selected to
minimize the number of women who were undecided about
testing while maintaining reasonable proximity to the date of
counseling. Although the cost of testing was not an important
factor in our study, our sample was highly educated and thus
likely to be relatively affluent. Cost may be an important barrier
to testing in less affluent populations. Finally, the generaliz-
ability of these results to women currently participating in
similar programs is unknown.
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Effect of Framing as Gain versus Loss on
Understanding and Hypothetical Treatment
Choices: Survival and Mortality Curves

KATRINA ARMSTRONG, MD, MSc, ]. SANFORD SCHWARTZ, MD,
GENEVIEVE FITZGERALD, BA, MARY PUTT, ScD, PETER A. UBEL, MD

Background. Presentation of information using survival or
mortality (i.e., incidence] curves offers a potentially powerful
method of communication because such curves provide in-
formation about risk over time in a relatively simple graphic
format. However, the effect of framing as survival versus mor-
tality on understanding and treatment choice is not known.
Methods. In this study, 451 individuals awaiting jury duty at
the Philadelphia City Courthouse were randomized to re-
ceive 1 of 3 questionnaires: (1) survival curves, (2) mortality
curves, or (3} both survival and mortality curves. Each ques-
tionnaire included a brief description of a hypothetical treat-
ment decision, survival curve graphs and/or mortality curve
graphs presenting the outcome of the treatment, and ques-
tions measuring understanding of the information contained
in the graphs and preference for undergoing treatment. After
completing a brief practice exercise, participants were asked
to answer questions assessing their ability to interpret single
points on a curve and the difference between curves, and then

to decide whether they would choose to undergo preventive
surgery for 3 different scenarios in which the benefit of sur-
gery varied. Results. Participants who received only survival
curves or who received both survival and mortality curves
were significantly more accurate in answering questions
about the information than participants who received only
mortality curves (P < 0.05). For 2 of the 3 treatment presenta-
tions, participants who received only mortality curves were
significantly less likely to prefer preventive surgery than par-
ticipants who received survival curves only or both survival
and mortality curves (P < 0.05). The effect of framing on un-
derstanding was greatest among participants with less than a
college education and among non-Caucasian participants.
Conclusion. Framing graphic risk information as chance of
death over time results in lower levels of understanding and
less interest in preventive surgery than framing as chance of
survival over time. Key words: Decision making; framing ef-
fect; risk communication. (Med Decis Making 2002;22:76-83)

Survival curves are a potentially powerful tool to
communicate information about the outcomes of
alternative choices.' Because survival curves provide a
graphic presentation of the risk of an outcome over
time, they include a large amount of information that is
difficult to convey with numbers alone.”’ Furthermore,
use of survival curves avoids the problem of having to
select which time points to present—a selection that
has been shown to influence choice.*

Presentation of probabilistic information as gain ver-
sus loss has been demonstrated to influence decision
making.>° Patients presented with surgical mortality
as a 10% chance of dying are less likely to choose sur-
gery than patients presented with surgical mortality as
a 90% chance of surviving.® Because of the power of
this framing effect, many experts argue that informa-
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tion should be presented in both formats in an attempt
to “unbias” the presentation.’**
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EFFECT OF FRAMING AS GAIN VERSUS LOSS

Presentation of graphic information about the proba-
bility of dying over time can also be framed as a gain or
a loss using survival or mortality curves. Although sev-
eral other framing effects have been demonstrated with
survival curves, the effect of framing information as
survival curves versus mortality curves is not
known.*'*** Furthermore, although presentation of
both gain and loss formats may reduce the bias from
presenting 1 format only, it greatly increases the com-
plexity of the presentation and may decrease under-
standing. Thus, the aims of our study were to deter-
mine whether framing of information as survival
curves or mortality curves affects understanding of the
information or the preferred alternative, and whether
presenting both survival and mortality curves reduces
framing effects.

Methods
DESIGN

We conducted an experiment that compared the ef-
fects of presenting the same information about the out-
comes of a hypothetical medical decision as (1) proba-
bility of surviving over time (survival curves), (2)
probability of dying over time (mortality curves), or (3)
probability of surviving and probability of dying (sur-
vival and mortality curves). Outcomes included under-
standing of the information and treatment preference
and were measured using questions that were consis-
tent with the format of the curves (i.e., questions about
mortality curves asked the number of people who had
died and questions about survival curves asked the
number of people still alive). The study protocol
was approved by the Human Subjects Committee of
the Institutional Review Board at the University of
Pennsylvania.

SETTING AND PARTICIPANTS

Prospective jurors awaiting jury selection at the
Philadelphia City Courthouse were offered a candy bar
to complete a study questionnaire. When all prospec-
tive jurors were assembled in a single room, a research
assistant made an announcement about the survey and
randomly distributed questionnaires to volunteers.
Based on our experience with this method, we estimate
that approximately 75% of prospective jurors volun-
teer to participate and more than 90% of individuals
who volunteer complete the questionnaires. In Phila-
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delphia, individuals are randomly selected for jury
duty from voter registration and drivers license
records.

INTERVENTION

Three versions of a questionnaire were developed:
survival curves only, mortality curves only, and sur-
vival and mortality curves, For each version, care was
taken to ensure that the presentation of information
throughout the questionnaire was consistent with the
framing selected. Versions were randomly distributed
to study participants.

Each questionnaire began with a brief explanation of
survival and/or mortality curves and a graph showing a
single curve with 4 questions asking the number of peo-
ple alive at different points in time. The explanation of
survival curves read as follows:

A survival curve is a picture that shows how long peo-
ple live after being diagnosed with or treated for a dis-
ease. Survival curves are shown to patients to help
them understand their disease and to decide which
treatment option is best for them.

After the graph containing a single survival curve, the
explanation continued:

The above graph is a survival curve. It shows the num-
ber of people who survive after being diagnosed with
an imaginary condition, Chocolitis. It begins in the up-
per left-hand corner with 100 patients diagnosed at
year 0. The graph shows how many people are alive ev-
ery 5 years after being diagnosed.

The explanation of mortality curves read as follows:

A mortality curve shows the number of people who die
after being diagnosed with or treated for a disease.
These graphs are shown to patients to help them under-
stand their disease and to decide which treatment op-
tion is best for them.

After the graph containing a single mortality curve, the
explanation continued:

The above graph is a mortality curve. It shows the num-
ber of people who die after being diagnosed with an
imaginary condition, Soapoperitis. It begins in the
lower left-hand corner with 100 patients diagnosed at
year 0. The graph shows how many people died every 5
years after being diagnosed.
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Figure 1. Survival curve graph.

We found this single-curve introduction improved
understanding of graphs with 2 survival curves in a
previous study. The questionnaire then presented a hy-
pothetical scenario requiring a decision about a pre-
ventive treatment, graph(s) containing curves illustrat-
ing the chance of survival/death after the 2 possible
choices, and outcome measurement questions. The hy-
pothetical scenario read as follows:

Imagine you are at increased risk of developing colon
cancer. Yearly exams with a physician are recom-
mended for everyone at increased risk for colon cancer.
In addition to a yearly exam, you can choose to have a
colectomy (removal of part of your colon) along with a
colostomy (a plastic bag attached to your abdomen into
which you empty your bowels). This procedure results
in a lowered risk of developing colon cancer. The
graph(s) on the facing page shows what we would ex-
pect to happen to 100 people just like you if they chose
to have a colectomy with a colostomy or to have no

surgery.

For each version of the questionnaire, the same size
graph or graphs were presented on the left-hand page of
a booklet with questions about the graph(s) on the
right-hand page. For the questionnaire presenting both
survival and mortality curves, survival curves were
shown on the top graph and mortality curves on the
bottom graph with an explanation that both graphs
showed the same information about what was ex-
pected to happen. Figure 1 shows the survival curve
graph, and Figure 2 shows the mortality curve graph.
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OUTCOME MEASURES

We measured understanding by asking participants
to interpret the number of people alive (or dead) at a
point in time on a given curve (e.g., “How many people
who have a colectomy are alive at year 20?”), determine
which choice results in more people alive (or dead) ata
point in time (e.g., “In which group are more people
alive at year 30?”), and calculate the difference in the
number of people alive (or dead) between curves at a
point in time (e.g., “How many more people are alive in
this group at year 10?”). The framing of the questions
(alive vs. dead) mirrored the framing of the curves. For
the questionnaire presenting both survival and mortal-
ity curves, an explanation was provided about the rela-
tionship between the number of people alive (based on
the survival curve) and the number of people dead
(based on the mortality curve) at any point in time. We
measured treatment and preference by asking partici-
pants to decide whether they would want to have a pre-
ventive colectomy (i.e., “Given this information, which
option would you choose?”). To determine whether
framing as survival versus mortality affected the transi-
tivity of preferences, we asked about preference for sur-
gery at 3 levels of benefit of colectomy, each shown by a
separate graph with 2 curves. We refer to these 3 levels
of benefit by the proportional increase in absolute sur-
vival (5%, 10%, or 20% at 50 years) in this article.
These relative percentages were not included on the
graphs. For all questionnaires, the 10% gain in survival
was presented first, followed by the 5% gain and then
the 20% gain.
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Figure 2. Mortality curve graph.

STATISTICAL ANALYSIS

Baseline characteristics of the 3 groups were com-
pared using chi-square tests for categorical variables
and analysis of variance followed by pairwise t tests for
continuous variables. Three types of accuracy were
measured: (1) interpretation of number of people alive
or dead in a single group at a point in time, (2) determi-
nation of which group had more alive or dead at a point
in time, and (3) calculation of the difference in number
of people alive or dead between groups at a point in
time. Two questions were included for each type. Par-
ticipants were categorized as accurate if they answered
both questions correctly, partially accurate if they an-
swered 1 of the 2 questions correctly, and inaccurate if
they answered neither question correctly. For the pur-
poses of these analyses, these categories were
dichotomized into accurate and not accurate (which
included both partially accurate and inaccurate). Chi-
square tests were used to compare the proportion of
people who answered accurately and the proportion of
participants who preferred surgery at each level of ben-
efit between groups.

Multivariate analyses were conducted to assess the
impact of gender, race, education, and age on the effect
of framing on understanding and choice and the impact
of understanding on choice. For these analyses, a single
composite understanding variable was created that
was coded 1 if participants answered all of the under-
standing questions correctly and 0 if they had any in-
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correct answers. Separate logistic regression models
were constructed with understanding as the dependent
variable and with preference as the dependent vari-
able. The independent variables in the understanding
model were frame, age, gender, education (high school
vs. more than high school), and race (Caucasian vs.
non-Caucasian). The independent variables in the pref-
erence model were frame, understanding, age, gender,
education (high school vs. more than high school), and
race (Caucasian vs. non-Caucasian). Variables were
kept in the model if they were significantly associated
with the dependent variable according to a Wald test
(P <0.05) or altered the coefficient for another variable
by more than 15%. In addition, for each model, interac-
tion terms were tested for potential interactions be-
tween the information frame (survival, mortality, or
both) and demographic characteristics. Likelihood ra-
tio tests were used to determine whether the interac-
tion terms were significant. For interaction terms that
were significant according to the likelihood ratio tests,
Wald tests were used to identify the specific source of
the interaction. Subsequent secondary analyses were
conducted with level of understanding as a continuous
variable (i.e., proportion of understanding questions
answered correctly). However, because the conclu-
sions of these analyses were the same as when under-
standing was analyzed as a categorical variable, we
present only the categorical analyses. All P values are
2-sided.
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Table 1 Subject Characteristics

Survival
Curve

Mortality Both
Curve Curves

Mean age (range) 42.9 (18-79) 42.6 (20-76) 41.2 (20-72)

Female 70% 65% 72%
Caucasian 52% 55% 46%
African American 40% 38% 45%

Mean years of

education (range) 13.7 (8-17) 14.1(9-19) 13.4(8-17)

Results

We recruited a total of 451 participants, of whom 150
received the survival curve format, 151 received the
mortality curve format, and 150 received the survival
and mortality curve format. The 3 groups were not sta-
tistically different in age, gender, education, and eth-
nicity (P > 0.6) (Table 1).

EFFECT OF FRAMING ON UNDERSTANDING

Participants who received the information framed as
survival curves or survival and mortality curves were
more likely to accurately answer questions about the
information than participants who received the infor-
mation framed as mortality curves. This effect was seen
for the ability (1) to interpret the number of people alive
(or dead) in each treatment group at a point in time, (2)
to determine which choice resulted in more people
alive at a point in time, and (3) to calculate the differ-
ence in the number of people alive between groups at a
point in time (Table 2). However, the impact of framing
differed substantially between Caucasian and non-
Caucasian (P = 0.0004 for test of interaction) and be-

tween subjects with more or less than a high school
education (P = 0.002 for test of interaction) (Tables 3
and 4). For example, for Caucasians, the difference in
the proportion of respondents answering correctly be-
tween the survival and mortality frames was only 6%,
whereas for non-Caucasians the difference between the
2 frames was 26%. Similarly, for participants with
more than a high school education, the difference in
the proportion of respondents answering correctly be-
tween the survival and mortality frames was only 7%,
whereas for participants with less than a high school
education the difference between the 2 frames was
27%. We present results on the combined effects of
education and ethnicity in Table 5. Although education
and ethnicity were correlated in our study population,
education and ethnicity also have independent effects
on the impact of framing on understanding, with the
greatest impact of framing among participants who had
less than a college education and were non-Caucasian.
After adjusting for age, gender, education, and ethnic-
ity, the interactions between ethnicity and framing and
between education and framing remained statistically
significant (P = 0.04 and P = 0.007, respectively). Be-
cause our study was not powered to examine framing
effects within the subgroups identified in Table 5, we
did not test for framing effects within each subgroup.
The impact of framing did not differ by gender or age of
participants (P > 0.6).

EFFECT OF FRAMING ON CHOICE

Participants who received the information framed
only as survival curves were more likely to choose to
undergo preventive surgery than participants who re-
ceived the information framed as mortality curves only
(Table 2). Participants who received the information
framed as both survival and mortality curves were less
likely to choose preventive surgery than participants

Table 2 Effect of Framing on Understanding and Treatment Preference

Mortality Curve Both Curves Survival Curve P Value for Trend

Proportion of participants answering accurately

Number alive (dead) in 1 group 0.54° 0.67"° 0.69" 0.01

Which group has more alive (dead) 0.75° 0.84%P 0.85° 0.05

Difference in number alive (dead) between groups 0.43° 0.49*® 0.56° 0.03

All understanding questions 0.38° 0.48*° 0.52° 0.02
Proportion of participants choosing colectomy

5% increase in survival 0.39° 0.51° 0.55" 0.02

10% increase in survival 0.51° 0.56° 0.59° 0.35

20% increase in survival 0.53% 0.622° 0.70° 0.06

Note: Cells within a row that share a superscript are not statistically different at P = 0.05.
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Table 3 Effect of Framing on Understanding

Table 4 Effect of Framing on Understanding

According to Ethnicity According to Education
Proportion of Participants Proportion of Participants
Answering Accurately Answering Accurately
Mortality Both Survival Mortality Both Survival
Overall 0.38° 0.48°° 0.52° Overall 0.38° 0.48°° 0.52°
Caucasian (n =213) 0.63% 0.70° 0.572 More than high
Non-Caucasian school (n = 251) 0.64% 0.622 0.57%
(n=213) 0.14% 0.34° 0.40° High school or less
(n = 180) 0.09 0.35° 0.36°

receiving survival curves only and more likely to
choose preventive surgery than participants receiving
mortality curves only. This pattern was consistent
across the 3 levels of benefit tested. However, the test
for trend was only significant at P < 0.05 for the sce-
nario in which colectomy increased survival by 5%.
Overall, subject preferences were transitively ordered
for all 3 ways of framing the information, with a greater
proportion of participants choosing preventive surgery
as the benefit of the surgery increased.

The effect of framing on preference for surgery was
not modified by the participants’ ethnicity (Caucasian
vs. non-Caucasian), education, gender, or age. For the
graph in which colectomy provided a 10% increase in
survival, there was a trend toward a greater effect of
framing on preference among individuals who an-
swered all the understanding questions correctly (in-
teraction P = 0.13). However, this trend was not seen in
the graphs where colectomy provided a 5% or 20% in-
crease in survival (interaction P > 0.5).

Discussion

The results of this study suggest that framing of in-
formation about risk over time as survival versus mor-
tality curves can affect understanding and treatment
preferences. Presenting information as mortality
curves resulted in lower levels of understanding and
fewer participants’ choosing preventive colectomy
than presenting information as survival curves. Pres-
enting information in both frames (i.e., showing both
survival and mortality curves) resulted in levels of un-
derstanding and preference for preventive colectomy
between presentation of survival curves only and pre-
sentation of mortality curves only, but was not statisti-
cally different from presenting information as survival
curves only.

The impact of gain versus loss framing on choice is
most often associated with prospect theory. However,

DECISION PSYCHOLOGY AND RISK COMMUNICATION

Note: Cells within a row that share a superscript are not statistically differ-
ent at P = 0.05.

prospect theory was developed primarily to explain
choices between risky and riskless options. Typically,
in such risky choice framing effects, people prefer risky
options when choices are negatively framed and cer-
tain outcomes when they are positively framed. Levin
et al.”® distinguished this type of framing effect from 2
others: attribute framing and goal framing. In attribute
framing, people are not asked to choose between inde-
pendent options; instead, they are asked to evaluate a
single item. Their evaluation depends on whether a
specific attribute of that item is positively or negatively
framed. For example, people’s attitudes toward the
quality of ground beef depend on whether the beefis la-
beled as 75% lean or 25% fat. In goal framing, people
are asked to pursue a specific goal, with the importance
of the goal framed either as the positive consequences

Table 5 Effect of Framing on Understanding
According to Ethnicity and Education

Proportion of Participants
Answering Accurately
Mortality Both Survival

QOverall 0.38 0.48 0.52
Caucasian, more

than high school

(n=141) 0.80 0.77 0.66
Caucasian, less than

high school (n=72) 0.23 0.56 0.44
Non-Caucasian, more

than high school

(n=106) 0.32 0.44 0.50
Non-Caucasian, less

than high school

(n=107) 0.02 0.15 0.30
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of performing the act or the negative conse-quences of
not performing the act. For example, women were more
apt to engage in breast self-examination when pre-
sented with information stressing the negative conse-
quences of not engaging in such examinations than
when presented with information stressing the positive
consequences of engaging in such examinations.
Across all 3 of these framing effects, people’s choices or
evaluations have been shown to vary depending on
whether the situation is positively or negatively
framed. However, the effect of the framing manipula-
tion on choice and evaluation depends on which of the
3 framing effects is at play.

The survival and mortality curves in our study are
not clear examples of any of these types of framing ef-
fects. Unlike risky choice framing effects, neither of our
options was riskless. Unlike attribute framing, we did
not ask people to make mere evaluations; rather, we
asked them to choose between 2 options. Unlike goal
framing, we did not ask people to pursue some goal;
rather, we asked them to make a choice. In fact, survival
and mortality curves represent an interesting new con-
text in which to study framing effects. They have
unique features that deserve to be studied. For exam-
ple, survival curves present the number of people alive
at any point in time. This is a positive way of framing
the information. But survival curves represent this
number graphically as a loss, that is, a decrease from
100% survival. Similarly, mortality curves present the
number of people dead at any given time, a negative
framing. However, they represent this number graphi-
cally as a gain, that is, an increase from 0% mortality.

The complexity of the framing effect created by sur-
vival curves is better illustrated by comparing it to sim-
pler ways of presenting people with medical choices.
Suppose, for example, people are asked to decide
whether they want to undergo a surgery that has a 95%
survival rate. Consistent with attribute framing effects
that have been found, it would be expected that they
would view this surgery more positively than a surgery
they were told had a 5% mortality rate. This type of
framing effect is quite predictable and relatively well
understood. By contrast, in our study, we presented
people with 2 curves, illustrating survival (or mortal-
ity) rates for surgery versus no surgery. Presenting this
information in terms of survival curves potentially
makes both surgery and going without surgery more at-
tractive because both options would be described in
terms of the number of people surviving. It is not at all
clear how this framing of the information would
change the relative desirability of the 2 options. Simi-
larly, when looking at survival curves of these 2 op-
tions, people might focus on how many more patients
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are alive who underwent surgery. By contrast, with
mortality curves, people might focus on how many
more patients are dead who did not receive surgery.
There is another reason that the framing effects cre-
ated by survival and mortality curves in this study are
difficult to categorize: The psychophysical space be-
tween the 2 treatment options differs across the 2 types
of curves. Consider the outcomes 50 years after the de-
cision. In the survival curve, surgery increases absolute
survival from 40% to 50%, a relative gain of 25%. In the
mortality curves, it reduces mortality from 60% to
50%, a 16.7% relative reduction. Future research
should focus on trying to tease apart what people at-
tend to when viewing survival or mortality curves.

Most studies of the impact of gain versus loss fram-
ing have used information about outcomes at a single
point in time (e.g., risk of death with treatment A vs.
risk of survival with treatment A).57%'%?” These studies
have been unable to examine the effect of framing on
understanding beyond the ability to repeat the single
piece of risk information provided. Because survival
and mortality curves contain extensive information
about risk over time, they allowed us to assess the im-
pact of gain versus loss framing on more wide-ranging
measures of understanding. In this study, presentation
of information as mortality curves resulted in signifi-
cantly lower levels of understanding (as measured by
answers to questions about the information) than pre-
sentation of information as survival curves. This fram-
ing effect appeared to be greatest among individuals
with less education or minority race. Although the rea-
son for this difference is not clear from the current
study, it is interesting to speculate that the greater diffi-
culty in answering questions about loss may suggest
that participants are more averse to thinking in terms of
loss, more confused by mortality curves because a rise
in the curve signifies a greater loss (i.e., more people
dying), or more familiar with the term “survival” than
the term “mortality.” Furthermore, these factors may be
more common among less educated participants, ex-
plaining the interaction with educational level. Practi-
cally, however, this finding suggests that care must be
taken in assuming that information framed as gain or
loss is equally well understood among subjects from
different backgrounds. Framing information as a loss
may result in both less interest in an intervention and
lower levels of understanding.

Although presentation of both gain and loss framing
is often proposed as the best way to resolve the bias cre-
ated by presentation using either frame alone, our
study provides some of the first empirical evidence
about the outcomes of such a strategy.’®'* In this study,
presentation of both survival and mortality curves re-
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sulted in preferences and understanding in between
those seen with the presentation of either frame alone,
although not statistically different from preferences
with survival curves only. Further studies with greater
power to measure relatively small differences in prefer-
ence between groups are needed to determine whether
the trend toward the use of both frames to unbias the
presentation seen in this study represents a real effect.

This study has several limitations. Although the ju-
ror pool is highly representative of the population of
the city of Philadelphia, it is less representative of other
segments of the U.S. population. We chose to use jurors
rather than patients because of concerns about patients
misinterpreting the data from the hypothetical situa-
tions as reflections of their own health status. Because
of the nature of our experimental study design, we were
able to compare only 3 alternative formats of our ques-
tionnaire. Clearly, the format of each part of the ques-
tionnaire from the introduction to the outcome ques-
tions may affect the results. Our results are not
necessarily generalizable to other formats.

Involving patients in medical decisions requires ef-
fective communication of information about the risks
and benefits of alternative choices. Presentation of in-
formation using survival or mortality (i.e., incidence)
curves offers a potentially powerful method of commu-
nication in this setting because such curves provide ex-
tensive information about risk over time in a relatively
simple graphic format. However, presentation of either
survival or mortality curves alone can result in an effect
of framing on understanding and treatment preference.

The authors thank Gretchen Chapman, PhD, and 2 anonymous re-
viewers for their valuable comments and editorial assistance.
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Using Survival Curve Comparisons to Inform Patient

Decision Making

Can aPractice Exercise Improve Understanding?
Katrina Armstrong, MD, MSc, Genevieve FitzGerald, BA, J. Sanford Schwartz, MD, Peter A. Ubel, MD

BACKGROUND: Patients often face medical decisions that
involve outcomes that occur and change over time. Survival
curves are a promising communication tool for patient
decision support because they present information about the
probability of an outcome over time in a simple graphic format.
However, previous studies of survival curves did not measure
comprehension, used face-to-face explanations, and focused
on a VA population.

METHODS: In this study, 246 individuals awaiting jury duty
at the Philadelphia County Courthouse were randomized to
receive one of two questionnaires. The control group received
a questionnaire describing two hypothetical treatments and
a graph with two survival curves showing the outcomes of
each treatment. The practice group received the same
questionnaire preceded by a practice exercise asking
questions about a graph containing a single curve. Subjects’
ability to interpret survival from a curve and ability to
calculate change in survival over time were measured.

RESULTS: Understanding of survival at a single point in time
from a graph containing two survival curves was high overall,
and was improved by the use of a single curve practice
exercise. With a practice exercise, subjects were over 80%
accurate in interpreting survival at a single point in time.
Understanding of changes in survival over time was lower
overall, and was not improved by the use of a practice exercise.
With or without a practice exercise, subjects were only 55%
accurate in calculating changes in survival.

CONCLUSION: The majority of the general public can interpret
survival at a point in time from self-administered survival
curves. This understanding is improved by a single curve
practice exercise. However, a significant proportion of the
general public cannot calculate change in survival over time.
Further research is necessary to determine the effectiveness of

survival curves in improving risk communication and patient .

decision making.
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P atients often face medical decisions involving out-
comes that occur and change over time. Choosing an
aggressive treatment over a less aggressive treatment may
trade short-term increase in mortality for long-term in-
crease in survival. In many situations, a patient must
understand both the conditional probabilities of an out-
come and how those probabilities change over time.
Although it is well established that patients want to receive
risk information, how best to present this complex
information is not clear.! Extensive numerical information
may overwhelm a patient’s ability to process and under-
stand it.>® However, presenting limited information, for
example, survival probabilities at two or three time points,
may bias decisions.*?>

Survival curves may overcome these problems by
presenting information about the probability of an outcome
over time in a simple graphic format without extensive
numeric data. Several studies have used survival curves to
convey information about treatment choices to patients in
face-to-face discussions.®™® We have chosen to extend this
research for several reasons. First, recent literature suggests
patients may have difficulty understanding even simple
probabilities.’® Prior studies did not measure subjects’
ability to understand survival curve information. Second,
because many decision aids being developed are self-
administered, it is important to establish whether patients
can understand self-administered survival curves.!':!?
Finally, participants for prior studies came from Veterans’
Administration (VA) clinics and may not be generalizable to
other patient populations.

Using survival curves to aid decision making involves
making comparisons between multiple curves. Although a
survival curve is a relatively simple method of presenting
complex information, a graph containing multiple survival
curves may appear sufficiently complex to be overwhelming.
The ability to perform many cognitive tasks is dependent on
the development of cognitive rules or heuristics.*'® For
survival curve understanding, we hypothesized that these
rules would be more easily developed on a relatively more
simple graph containing a single curve, and, thus, present-
ing individuals with a graph containing a single curve prior
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to a graph containing multiple curves would improve
understanding of the more complex, multiple curve graph.

The objectives of our study were to determine: 1) if the
general public can understand survival curves when
presented in a self-administered format; and 2) if under-
standing of a graph containing a two-curve comparison
improves with a single curve practice exercise.

METHODS
Study Design

We randomized study subjects to receive one of two
questionnaires. The control group received a questionnaire
describing a hypothetical health condition with two possi-
ble treatments and a graph with two survival curves
showing the outcomes of the treatments. The practice
group received the same questionnaire preceded by a
practice exercise asking questions about a graph contain-
ing a single curve. The study protocol was approved by the
Human Subjects Committee of the Institutional Review
Board at the University of Pennsylvania.

Study Setting and Participants

Prospective jurors awaiting jury selection at the
Philadelphia County Courthouse were offered a candy bar
to complete the study questionnaire. The two versions of
the questionnaire were randomly ordered and distributed
sequentially to volunteers. Based on our prior experience,
we estimated that approximately 75% of prospective jurors
volunteer to participate and over 90% of individuals who
volunteer complete the questionnaires. In Philadelphia,
individuals are randomly selected for jury duty from voter
registration and drivers license records.

Intervention

Each participant received a self-administered question-
naire that included a brief explanation of survival curves and
a graph containing two survival curves illustrating the
outcomes of two hypothetical treatments and outcome
measurement questions (see below) (Appendix A). The brief
explanation read:

We will show you a graph of survival curves. A survival
curve is a picture that shows how long people live after
being diagnosed with a disease. You will notice there are
different curves on the graph. Each curve shows how
many people survive using the different treatments for a
disease. Survival curves are shown to patients to help
them understand their disease and to decide which
treatment option is best for them.

A brief explanation of the graph was provided below the
two curve graph:

The graph above shows how many people survive after
either having surgery or being put on medication for an
imaginary disease called Soap-operatitis. At year 0, 100
patients were started on Soap-operatitis medication and
100 patients had Soap-operatitis surgery. The curve

marked by the squares shows the patients who had
surgery. The curve marked by the circles shows the
patients who are on medication. The curves show how
many people are alive every five years after having
surgery or being put on medication.

For participants randomized to the practice arm, the
questionnaire began with an additional page containing
a practice exercise with a single survival curve for a
hypothetical condition and several questions about the
information contained in the curve (Appendix B). The
correct answers to these questions were not provided.

Outcome Measures

The primary outcome measure was comprehension of
the information contained in the figure containing two
survival curves. Subjects both interpreted survival rates at
a single time point (e.g., How many people having surgery
are alive at year 207?) and change in survival over a specific
time period (e.g., How many people having surgery died
between year 20 and year 40?). Answers were considered
correct only if they exactly matched the correct answer.
Answers left blank were considered missing data, rather
than incorrect answers.

Statistical Analysis

Baseline characteristics of the two groups were com-
pared using x2 tests for categorical variables and t tests for
continuous variables. For each subject, separate accuracy
scores were generated for the ability to interpret the number
alive at a given point (five questions) and the ability to
calculate change in survival (two questions), by dividing the
number of questions answered correctly by the total
number of questions. Because these scores were not
normally distributed, they were compared between groups
using the Mann-Whitney U test. For the practice group,
accuracy scores were generated for the single curve graph
and compared within subject to their accuracy scores for
the double curve graph using the Wilcoxon signed rank test.

RESULTS

Of the 246 subjects who completed the questionnaire,
120 received the practice intervention and 126 did not. The
two groups were similar in age, gender, education, and
ethnicity (Table 1).

Table 1. Subject Characteristics

Practice Exercise Control P Value

Mean age (+SD) 39.7(12.4) 39.9(12.7) .88
Women, % 68 66 .82
Caucasian, % 55 47 .24
African American, % 40 44 12
Mean years of .
education (range + SD) 13.8(2.2) 14.0(2.2) .78
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Table 2. Comprehension of Double Curve Presentation

Practice Exercise Control P Value

% Correctly identifying
number of survivors

at a single point 83 74 .03
% Correctly identifying

change in number of

survivors between

two time points 55 55 .89

Understanding of survival at a single point in time
from a graph containing two survival curves was high
overall and improved with a single curve practice exercise
(Table 2). With a practice exercise, subjects were over
eighty percent accurate in interpreting survival at a single
point in time. Furthermore, two thirds of subjects (66%)
answered all of these questions correctly and an addi-
tional 14% answered all but one question correctly.
Understanding of changes in survival over time was
lower overall, and was not improved by the use of a
practice exercise (Table 2). With or without a practice
exercise, subjects were only 55% accurate in calculating
change in survival. Furthermore, only 54% of subjects
answered over half of these questions correctly, and 33%
were unable to answer any question correctly. Mean
accuracy scores did not differ significantly by gender,
educational level, or ethnicity (all P > .10}.

Among individuals receiving a single curve practice
exercise, understanding of the graph containing a single
curve was greater than understanding of the graph contain-
ing two curves. The great majority of errors in interpreting
survival or calculating change in survival were large in
magnitude. For example, accuracy in interpreting the
number of people alive at a point in time declined from
92% in the single curve graph to 83% in the double curve
graph (P = .006), and accuracy in calculating change in
survival over time declined from 67% to 55% (P = .04).

DISCUSSION

Our results suggest that the majority of the general
public can understand survival at a point in time from a
graph comparing two survival curves and that this under-
standing is improved by a single curve practice exercise.
However, almost half of our subjects could not calculate a
change in survival over time from a survival curve —a task
that requires subjects to correctly estimate the number of
people surviving at two time points and to accurately
subtract those two numbers.

Prior studies have used survival curves to demonstrate
that patients focus on different portions of survival curves
than physicians, that order of presentation affects treatment
preferences, that length of the explanation affects treatment
preferences and that patients are willing to trade a short term
increase in mortality for long term increase in survival.>® To
our knowledge, our study is the first to demonstrate that the
general public can calculate survival from a survival curve

even without a face-to-face explanation. Importantly, how-
ever, our study raises significant concerns about the ability
of the general public to calculate differences in survival from
a survival curve. Such comparisons may be an important
component of the cognitive tasks necessary for patients to
use survival curve information to aid their decision making.

Our study has several limitations. Although the juror
pool is highly representative of the Philadelphia popula-
tion, it is less representative of other segments of the U.S.
population. Second, we compared only two formats of our
questionnaire. The format of each part of the questionnaire
may affect the results. Our results are not necessarily
generalizable to other formats. Third, because the instruc-
tions on the questionnaire were written at a ninth-grade
reading level and in relatively small font, it is possible that
they were not understood by some participants.

This work was supported by Grant BC971623 from the Depart-
ment of the Army Breast Cancer Research Program. PAU is a
Robert Wood Johnson Foundation Generalist Physician Faculty
Scholar and a Senior Research Associate in Health Services
Research from the Department of Veterans” Administration.
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APPENDIX A

Double Curve Graph
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The graph above shows how many people survive after either having surgery or being put on medication for an imaginary disease
called Soap-operatitis. At year 0, 100 patients were started on Soap-operatitis medication and 100 patients had Soap-operatitis
surgery. The curve marked by the squares shows the patients who had surgery. The curve marked by the circles shows the patients
who are on medication. The graphs show how many people are alive every five years after having surgery or being put on medication.

. How many people are alive at year O who are on medication?

. How many people are alive at year O who have surgery?

. How many people are alive at year 15 after receiving medication?

. How many people are alive at year 20 after having surgery?

. How many people are alive at year 25 after having surgery?

. How many people on medication died between years 5 and 15?

. How many people died after having surgery between years 20 and 25?
. Which treatment would you choose?
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APPENDIX B

Single Curve Practice Exercise
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The above graph shows the number of people who survive after having surgery for a disease called Chocalitis. It begins with 100
patients having surgery at year 0. The graph shows how many people are alive every five years after having surgery. For example,
twenty years after surgery, 54 people are still alive. Please answer the following questions using the above graph.

1. How many people are alive at year 0?

2. How many people are alive at year 25?7

3. How many people died between year O and year 30?

4. How many people are alive at year 50?

5. Did more people die between years O and 5 or between years 10 and 15?
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The Challenge of Problem Residents

David C. Yao, MD, MPH, Scott M. Wright, MD

Internal medicine residency training is demanding and resi-
dents can experience a wide variety of professional and
personal difficulties. Residency programs everywhere have
had and will continue to have problem residents. Training
programs should be equipped to effectively identify and
manage residents who experience problems. Previous articles
that have been published on the topic of problem residents
primarily addressed concerns such as impairment due to
depression and substance abuse. The content of this article is
derived from a comprehensive review of the literature as well
as other data sources such as interviews with program
directors and workshops at national professional meetings.
This article focuses primarily on four issues related to problem
residents: their identification, underlying causes, manage-
ment, and prevention. The study attempts to be evidence-
based, wherever possible, highlighting what is known. Recom-
mendations based on the synthesis of the data are also made.
Future ongoing studies of problem residents will improve our
understanding of the matters involved, and may ultimately
lead to improved outcomes for these trainees.

KEY WORDS: medical education; internship; residency;
problem resident.
J GEN INTERN MED 2001;16:486-492.

he American Board of Internal Medicine (ABIM)

defines a problem resident as “a trainee who
demonstrates a significant enough problem that requires
intervention by someone of authority, usually the pro-
gram director or chief resident.”’ Problem residents are
ubiquitous (present in 94% of internal medicine residency
programs during the academic year 1998-1999) and are
moderately prevalent (7% of internal medicine residency
trainees).? They can be found in all types of residency
training programs—large and small, community-based
and university-affiliated, psychiatric and surgical. Prob-
lem residents are challenging to the residency program
directors, attending physicians, and often their fellow
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trainees. They can threaten the integrity of a training
program and can negatively influence the residency
training experience for other trainees.3™®

The goal of an internal medicine residency program is
to train and prepare newly graduated medical students to
become competent internists. Since 1972, the ABIM has
relied on residency programs to evaluate the readiness of
eligible candidates for certification. Accordingly, attempts
have been made to standardize resident evaluation at the
program level. After the identification of a problem
resident, program directors often have to help facilitate
the successful remedy of the problem in order to
recommend the resident for promotion, graduation, and
certification.

This report may help to provide a better understanding
of the issues related to problem residents, thereby support-
ing residency program directors, medical educators, and
residents themselves. This article reviews the literature,
and provides perspectives and recommendations from
other sources to comprehensively examine four vital issues
related to problem residents: identification, underlying
causes, management, and prevention.

METHODS

Literature Search

Databases, including MEDLINE (years 1966-2000),
PsychINFO {1977-2000), ERIC (1966-1999), and Health-
STAR (1975-2000), were searched using and combining
the MeSH terms “Internship and Residency” and “Medical-
Residency” with (1)"Drug Abuse/Addiction/Dependency/
Usage,” “Alcohol Abuse/Alcoholism™ (yield, 27 articles), (2)
“Stress,” “Occupational Stress,” “Stress Management,”
“Coping Behavior” (yield, 109 articles), and (3) “Behavior
Problems,” “Psychological Phenomena,” “Mental Disorder,”
“Depression,” and “Affective Disturbances” (yield, 101
articles). A search of these databases for articles containing
the textword “problem resident” or “resident in difficulty”
was also performed. The bibliographies of the retrieved
articles were also examined for relevant articles. Abstracts
of articles were reviewed and selection criteria included
English language and studies involving issues related to
resident welfare. Excluded were editorials and studies
reporting on residencies outside of North America.




Cost-Effectiveness of Raloxifene and Hormone
Replacement Therapy in Postmenopausal Women:
Impact of Breast Cancer Risk

Katrina Armstrong, MD, Msc, Tze-Ming Chen, Mp, Daniel Albert, Mp, Thomas C. Randall, mp,

and J. Sanford Schwartz, MD

OBJECTIVE: To examine the life expectancy and cost-effec-
tiveness of hormone replacement therapy (HRT) and
raloxifene therapy in healthy 50-year-old postmenopausal

women.

METHODS: We performed a cost-effectiveness analysis us-
ing a Markov model, discounting the value of future costs
and benefits to account for their time of occurrence.

RESULTS: Both HRT and raloxifene therapy increase life
expectancy and are cost-effective relative to no therapy for
50-year-old postmenopausal women. For women at aver-
age breast cancer and coronary heart disease risk, lifetime
HRT increases quality-adjusted life expectancy more (1.75
versus 1.32 quality-adjusted life years) and costs less ($3802
versus $12,968) than lifetime raloxifene therapy. However,
raloxifene is more cost-effective than HRT for women at
average coronary risk who have a lifetime breast cancer
risk of 15% or higher or who receive 10 years or less of
postmenopausal therapy. Raloxifene is also the more cost-
effective alternative if HRT reduces coronary heart disease
risk by less than 20%.

CONCLUSIONS: Assuming the benefit of HRT in coronary
heart disease prevention from observational studies, long-
term HRT is the most cost-effective alternative for women
at average breast cancer and coronary heart disease risk
seeking to extend their quality-adjusted life expectancy
after menopause. However, raloxifene is the more cost-
effective alternative for women at average coronary risk
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with one or more major breast cancer risk factors (first-
degree relative, prior breast biopsy, atypical hyperplasia or
BRCA1/2 mutation). These results can help inform dedi-
sions about postmenopausal therapy until the results of
large scale randomized trials of these therapies become
available.  (Obstet Gynecol 2001;98:996-1003. © 2001
by the American College of Obstetricians and Gynecolo-

gists.)

Deciding about the use of hormone replacement therapy
(HRT) or raloxifene after menopause is difficult. These
therapies have multiple, often competing effects.'™ The
most effective method of extending life expectancy de-
pends upon an individual woman’s risk for osteoporotic
fracture, coronary heart disease, or breast cancer, and
the relative efficacy of these therapies on reducing these
events. Synthesizing this complex information is made
particularly difficult by the large number of often con-
flicting studies and the need to extrapolate the efficacy of
raloxifene on clinical outcomes from surrogate end-
points and the efficacy of HRT from observational stud-
ies.>®® Furthermore, differences in prescription drug
costs of raloxifene therapy and HRT suggest that the
short- and long-term economic costs of these therapies
may vary substantially.

In this setting, decision analysis offers a systematic
approach to evaluating the comparative clinical and cost-
effectiveness of alternative therapies, including the im-
pact of alternative assumptions on outcomes of interest.
The objective of the present study was to examine the life
expectancy and cost-effectiveness of HRT and ralox-
ifene therapy to prevent the long-term complications of
estrogen deficiency among healthy postmenopausal
women.

MATERIALS AND METHODS

Clinical and cost-effectiveness were estimated using a
time-dependent Markov model that simulated the out-

0029-7844/01/$20.00
P11 $0029-7844(01)01624-6



Table 1. Disease Incidence and Mortality

Sensitivity Source(s)
analysis range (references)
Coronary heart disease
Incidence 0.32 lifetime 0.30-0.90 11,12
Mortality 0.1-0.3 first y 0.05-0.4 14,15
0.01-0.04 subsequent y 0.005-0.02
Hip fracture
Incidence 0.14 lifetime 0.10-0.40 25
Mortality 0.17 first y 0.08-0.35 26
Vertebral fracture
Incidence 0.18 lifetime 0.04-0.20 27
Mortality
Breast cancer
Incidence 0.10 lifetime 0.05-0.50 28
Mortality 0.025 first y 0.01-0.05 28
0.032 subsequent y 0.01-0.05
Endometrial cancer
Incidence 0.026 lifetime 0.01-0.05 28
Mortality 0.15 first y 0.05-0.3 28
Thromboembolism
Incidence 0.00072 annually 0.0003-0.002 4
Mortality 0.016 first y 0.008-0.03 29

comes of HRT, raloxifene, or no therapy in hypothetical
cohorts of 50-year-old healthy postmenopausal women.
The simulation included the six major outcomes affected
by raloxifene and HRT: coronary heart disease, verte-
bral fracture, hip fracture, thromboembolism, endome-
trial cancer, and breast cancer. Because data about the
impact of HRT on colon cancer and Alzheimer’s disease
are preliminary and corresponding data are not available
for raloxifene, these outcomes were not included in the
simulation. Risks of developing each outcome were in-
dependent of prior outcomes. The simulation was run
until all cohort members died or reached age 101.

The analysis compared three alternative regimens:
HRT (0.625 mg of oral conjugated estrogen per day with
cyclic progestin for 10-14 days per month in women
with an intact uterus); raloxifene (60 mg per day); and no
treatment. All women were assumed to be compliant
with therapy. The base-case analysis examined use of
continuous therapy from age 50 until death. Because
some women take HRT or raloxifene for shorter time
periods, therapy of 5- and 10-years duration after meno-
pause at age 50 was examined in secondary analyses,
with benefits of therapy assumed to continue only while
therapy was used.

Simulation outcomes included life expectancy, quali-
ty-adjusted life years, and direct medical cost.® Although
the inclusion of all direct medical costs is consistent with
a societal perspective, nonhealth effects, health effects on
people other than the woman in question, indirect med-
ical costs and nonmedical costs are not currently able to
be measured adequately and were not included in the

VOL. 98, NO. 6, DECEMBER 2001

analysis.®” Costs and benefits were discounted at a 3%
annual rate to account for their decreased value over
time.® The model was validated by comparing the life
expectancy of a 50-year-old woman at average cardiac
and breast cancer risk who selects no therapy from the
simulation (31.68 years) to estimated life expectancy of a
50-year-old US woman from the National Center for
Health Statistics (31.7 years).'

Transition probabilities for disease incidence, disease
mortality, and the impact of alternative therapies on
disease incidence are shown in Tables 1 and 2. For the
base-case analysis, the probability of developing coro-
nary heart disease was that of women with population
levels of low-density lipoprotein, total cholesterol, sys-
tolic blood pressure, no history of diabetes, smoking, or
left ventricular hypertrophy.'"'? The effect of raloxifene
on coronary heart disease was estimated from its impact
on total cholesterol and high-density lipoprotein in the
base-case analysis and its impact on low-density lipopro-
tein in sensitivity analyses.”>'® The effect of HRT on
coronary heart disease was taken from a large, prospec-
tive cohort study in the base-case and its impact on lipids
in sensitivity analyses."'® Consistent with the results of a
recent randomized controlled trial of HRT in women
with coronary heart disease (HERS), HRT was assumed
not to affect mortality after a diagnosis of coronary heart
discase.® Estimated mortality after a diagnosis of coro-
nary heart disease was adjusted for the recent substantial
decrease in coronary heart disease case fatality among
US women.!*15

The relative risk of hip fracture in the base-case anal-
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Table 2. Effect of Interventions on Disease Incidence

Relative Sensitivity Source(s)
risk analysis range (references)
HRT
Coronary heart disease 0.56 0.3-1.0 1
Hip fracture 0.53 0.3-1.0 2
Vertebral fracture 0.53 0.3-1.0 2
Breast cancer 135 1.0-2.0 3
Endometrial cancer 1.00 1.0-6.0 30
Thromboembolism 2.10 1.0-7.8 29
Raloxifenc
Coronary heart disease 0.87 0.5-1.0 56
Hip fracture 0.93 0.5-1.0 5
Vertebral fracture 0.67 0.5-1.0 7
Breast cancer 0.24 0.1-1.0 4
Endometrial cancer 1.00 1.0-6.0 4
Thromboembolism 3.10 1.0-6.2 4

HRT = hormone replacement therapy.

ysis was determined from the effect of raloxifene on bone
mineral density, and the point estimate from the MORE
study was examined in sensitivity analyses.* Vertebral
fractures were assumed to affect costs and quality of life
but not life expectancy. The effect of HRT on vertebral
fracture was assumed to be equal to its effect on hip
fractures. Although HRT was assumed not to increase
the risk of endometrial cancer in the base-case analysis,
increases in endometrial cancer risk were examined in
sensitivity analyses. Mortality from other causes was
obtained by subtracting mortality from the outcomes
included in the model from all-cause mortality rates.®

Cost and utility model parameters are shown in Table
3. Direct medical costs included average wholesale med-
ication acquisition costs for HRT and raloxifene (ob-
tained from the Red Book!®) and costs of medical care
for health outcomes (obtained from the published litera-
ture). All costs were adjusted to year 2000 dollars using
the medical component of the Consumer Price Index.!”
Quality-adjusted life expectancy was calculated from
utility values assigned to each health state in the model
by 30 local internists. Because of the limitations of using
physician utilities as proxies for patient utilities, sensitiv-
ity analyses were conducted using the range of relevant
health state patient utilities reported in the literature.”
Future benefits, events, and costs were adjusted for time
effects using a 3% discount rate.’

Because of limited randomized trial data and concerns
about the generalizability of the data that are available,
sensitivity analyses were performed to assess the tmpact
of uncertainty of data inputs and to provide information
for women with different risk profiles. One- and two-way
sensitivity analyses were conducted to assess the impact
of alternative assumptions about: 1) effectiveness of
HRT in primary prevention of coronary heart disease;

998 Armstrong et al  Cost-Effectiveness of Raloxifene and HRT

2) effectiveness of raloxifene in primary prevention of
coronary heart disease; 3) magnitude of breast cancer
risk associated with HRT; 4) effectiveness of raloxifene
in primary prevention of breast cancer; and 5) existence
of any residual increase in risk of endometrial cancer
with estrogen/progesterone regimens. For each sensitiv-

Table 3. Costs and Utilities

Costs ($) Utilities
Source(s)
Estimate (references) Estimate
Coronary heart disease
First y 3690 0.665
Subsequent y 1155 11, 31, 32 0.871
Death 12,995 0.274
Breast cancer
First y 12,775 0.546
Subsequent y 1400 33 0.864
Death 22,835 0.192
Hip fracture
First y 18,403 0.613
Subsequent y 34 0.915
Death 20,500
Vertebral fracture
First y 4980 0.704
Subsequent y 0.858
Death 35
Endometrial cancer
Firsty 12,724 0.577
Subsequent y 881 0.881
Death 21,265 36 0.192
Thromboembolism
First y 5790 0.682
Subsequent y 37 0.925
Death 10,085
Raloxifene (annually) 740 16
HRT (annually) 270

Abbreviation as in Table 2.

OBSTETRICS & GYNECOLOGY



Table 4. Results

Incrementa!l CE

Time frame Strategy* ALE A QALY A Cost ($) ($/QALY)

Long-term therapy HRT vs no therapy 0.65 1.75 3802 2173
Raloxifene vs no therapy 0.71 1.32 12,968 9824
Raloxifene vs HRT 0.06 -0.43 9166 HRT dominant"

5-y therapy HRT vs no therapy 0.16 045 2259 5020
Raloxifene vs no therapy 0.28 0.52 4851 9328
Raloxifene vs HRT 0.12 0.07 2592 37,029

10-y therapy HRT vs no therapy 0.36 0.90 3834 4260
Raloxifene vs no therapy 0.47 1.03 8123 7886
Raloxifene vs HRT 0.11 0.13 4289 32,992

LE = life expectancy; QALY = quality-adjusted life years; CE = cost-effectiveness. Other abbreviation as in Table 2.

* Strategy in bold represents the most cost-effective alternative.
1 Both morc cffective and less costly.

ity analysis, threshold values were identified where alter-
native regimens exceeded $50,000 per quality-adjusted
life year and where alternatives no longer increased life
expectancy. The range of values was taken from the
widest 95% confidence interval in published studies or
from the range of reasonable values developed through
discussion with local experts. Because of uncertainty in
the measurement of costs and utilities, the range for
sensitivity analyses always included estimates from at
least half to twice the base-case value.

RESULTS

Compared with no treatment, both lifetime HRT and
raloxifene therapy increase life expectancy and quality-
adjusted life expectancy and are cost-effective for a 50-
year-old postmenopausal woman at average risk for
coronary heart disease and breast cancer. HRT provides
an additional 0.65 discounted years of life expectancy at
a net lifetime discounted cost of $3802 ($5849 per addi-
tional year of life); raloxifene an additional 0.71 dis-

counted years of life expectancy at a net lifetime dis-
counted cost of $12,968 ($18,265 per additional year of
life) (Table 4). Because HRT reduces hip and vertebral
fractures more than raloxifene therapy and fractures
impact quality of life more than mortality, HRT in-
creases quality-adjusted life years more than raloxifene
therapy (gain of 1.75 versus 1.32 quality-adjusted life
years) at a lower cost ($2173 versus $9824 per additional
quality-adjusted life year). Thus, when choosing be-
tween lifelong raloxifene therapy and HRT, HRT is the
dominant alternative (more effective and less costly).
However, for shorter durations of therapy (ie, 5 or 10
years after menopause at age 50), raloxifene results in
greater increase in life expectancy and quality-adjusted
life expectancy than HRT at a cost of less than $50,000
per additional quality-adjusted life year.

As the estimated effectiveness of HRT for primary
prevention of coronary heart disease declines, the rela-
tive effectiveness and cost-effectiveness of HRT de-
creases (Table 5). If the effect of HRT on lipid profiles

Table 5. Cost-Effectiveness of Long-Term Therapy According to RR of Coronary Heart Disease With HRT

Incremental CE

RR Strategy* A QALY A Cost ($) ($/QALY)

0.5 HRT vs no therapy 1.92 3668 1909
Raloxifene vs no therapy 132 12,969 9825
Raloxifene vs HRT —0.60 9301 HRT dominant”

0.7 HRT vs no therapy 1.36 4109 3026
Raloxifene vs no therapy 1.32 12,969 9825
Raloxifene vs HRT -0.04 8860 HRT dominant®

0.9 HRT vs no therapy 0.82 4531 5519
Raloxifene vs no therapy 1.32 12,969 9825
Raloxifene vs HRT 0.50 8438 17,002

1.0 HRT vs no therapy 0.56 4735 8429
Raloxifene vs no therapy 1.32 12,969 9825
Raloxifene vs HRT 0.76 8234 10,900

RR = relative risk. Other abbreviations as in Tables 2 and 4.
* Strategy in bold represents the most cost-effective alternative.

T Both more cffective and less costly.
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Table 6. Effect of Predicted Lifetime Breast Cancer Risk on Cost-Effectiveness of Long-Term Therapy

Breast
cancer Incremental CE
risk Strategy* A QALYs A Cost ($) ($/QALY)
10% HRT vs no therapy 1.75 3802 2173
Raloxifene vs no therapy 1.32 12,968 9825
Raloxifene vs HRT -0.43 9166 HRT dominant®
15% HRT vs no therapy 147 4087 2767
Raloxifene vs no therapy 1.66 12,294 7406
Raloxifene vs HRT 0.19 8207 43,056
30% HRT vs no therapy 0.83 4730 5715
Raloxifene vs no therapy 2.57 10,538 4100
Raloxifene vs HRT 1.74 5808 3830
65% HRT vs no therapy 0 5434 No therapy dominant®
Raloxifene vs no therapy 4.02 7641 1900
Raloxifene vs HRT 4.02 2207 549
80% HRT vs no therapy —-0.19 5536 No therapy dominant"
Raloxifene vs no therapy 443 6777 1530
Raloxifene vs HRT 4.62 1241 269

Abbreviations as in Tables 2 and 4.
* Strategy in bold represents the most cost-effective alternative.
T Both more effective and less costly.

from the Postmenopausal Estrogen/Progestin Interven-
tions trial is used to estimate its impact on coronary heart
disease, HRT decreases coronary heart disease risk by
25% (relative risk [RR] 0.75) and remains more effective
and less expensive than raloxifene. If HRT does not
reduce coronary heart disease risk, raloxifene becomes
the preferred alternative with an incremental cost-effec-
tiveness relative to HRT of $10,900 per quality-adjusted
life year.

As the estimated effectiveness of raloxifene for pri-
mary prevention of coronary heart disease increases,
raloxifene becomes relatively more effective and cost-
effective than HRT. If raloxifene reduces coronary heart
disease incidence by 30% (RR 0.70), raloxifene and
HRT result in an equal gain in quality-adjusted life years.
If the effect of raloxifene on coronary heart disease is
equal to that estimated in the base-case for HRT (RR
0.5), raloxifene is the more cost-effective alternative.

As the risk of breast cancer from HRT increases, the
relative effectiveness and cost-effectiveness of HRT com-
pared with raloxifene decrease. However, HRT is both
more effective and less expensive than raloxifene ther-
apy across the range of published estimates (RR 0.9-
1.74). fHRT does not increase the risk of breast cancer,
use of HRT results in an increase of 0.85 quality-ad-
justed life years compared with use of raloxifene at a cost
saving of $10,900.

As raloxifene becomes more effective in primary pre-
vention of breast cancer, it becomes relatively more
effective and cost-effective than HRT. If raloxifene re-
duces the incidence of breast cancer by 90% (RR 0.1),
raloxifene results in a gain in 1.66 quality-adjusted life
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years compared with no therapy. However, if one as-
sumes coronary heart disease risk reduction from HRT,
this gain in quality-adjusted life expectancy is still less
than that seen with HRT. Hf raloxifene is less effective in
primary prevention of breast cancer than estimated in
the base-case analysis (RR 0.36 or higher), the relative
benefit of HRT further increases.

The risk of endometrial cancer from HRT has little
substantive effect on the relative benefit of HRT. IfHRT
increases the risk of endometrial cancer four-fold (RR
4.0), the incremental gain in quality-adjusted life years
for HRT compared with raloxifene therapy falls to 0.07,
but HRT remains both more effective and less expen-
sive.

The relative benefit of these therapies depends upon a
woman’s risk of coronary heart disease, osteoporosis,
and breast cancer. Because the benefit of HRT in reduc-
ing coronary heart disease and osteoporosis risk is be-
lieved to be substantially greater than that of raloxifene,
HRT remains the more effective and less expensive
alternative for women at increased risk of coronary heart
disease and osteoporosis. However, increases in breast
cancer risk have a significant impact on the reladve
benefit of raloxifene and HRT (Table 6). If a woman has
a 40% increase over the estimated population lifetime
breast cancer risk of 10% (ie, lifetime risk of 149%),
raloxifene results in an equal gain in quality-adjusted life
expectancy as HRT, and HRT is no longer the domi-
nant alternative. If a woman has a 50% increase in breast
cancer risk (ie, lifeime breast cancer risk of 15% or
higher), raloxifene becomes the more cost-effective alter-
native.

OBSTETRICS & GYNECOLOGY



Variation in the estimates of costs, utilities, and dis-
count rates has little substantive effect on which alterna-
tive therapy is preferred. If the cost of raloxifene falls to
$175 per year, raloxifene becomes the less costly alterna-
tive ($12,496 versus $12,518). However, HRT still re-
sults in a greater gain in quality-adjusted life expectancy
with an incremental cost-effectiveness ratio of $51 per
quality-adjusted life year compared with raloxifene.
HRT remains the dominant or cost-effective alternative
for a woman at average coronary heart disease and
breast cancer risk across the ranges of costs examined for
HRT, coronary disease, breast cancer, osteoporosis, en-
dometrial cancer, or thromboembolism. Furthermore,
although the relative benefit of HRT decreases as the
discount rate decreases, if neither costs nor life years are
discounted, HRT remains the preferred option, with an
incremental cost-effectiveness ratio of raloxifene compared
with HRT of $882,896 per quality-adjusted life year.

Although the relative benefit of HRT decreases as the
utility estimates for coronary heart disease and osteopo-
rosis increase and the estimates for breast cancer de-
crease, HRT remains the dominant or cost-effective
alternative across the range of utility estimates exam-
ined. Because HRT reduces menopausal symptoms
whereas raloxifene does not, and this issue may be
particularly relevant for women taking therapy for only
5 or 10 years after menopause, we examined the effect of
an improvement in utility with HRT compared with
raloxifene for these time frames. For short-term therapy,
if the model assumes even modest benefit in quality of
life from HRT compared with raloxifene (absolute in-
crease of 2% or higher), HRT is both more effective and
less expensive than raloxifene therapy for 5- to 10-year
courses of therapy.

DISCUSSION

Because of the availability of alternative hormonally
active therapies that differ in their impact on coronary
heart disease, breast cancer, and osteoporotic fracture,
and increasing controversy about the effects of HRT on
coronary heart disease, we performed a decision analysis
to estimate the clinical (life expectancy and quality-ad-
justed life expectancy) and economic (incremental cost-
effectiveness) impact of HRT and raloxifene in post-
menopausal women. Assuming the benefit of HRT on
coronary risk reported in observational studies and the
benefit of raloxifene on coronary risk extrapolated from
its effects on lipids, both long-term HRT and long-term
raloxifene increase both life expectancy and quality-
adjusted life expectancy in 50-year-old postmenopausal
women at average risk for coronary heart disease and
breast cancer. Because HRT increases quality-adjusted
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life expectancy more than raloxifene, and raloxifene is
more costly than HRT, HRT is the dominant (more
effective and less costly) alternative in this setting. Thus,
despite raloxifene’s apparent reduction in breast cancer
incidence, long-term HRT remains the most cost-effec-
tive therapy for women at average breast cancer risk
seeking treatment to increase their quality-adjusted life
expectancy after menopause.

The relative benefits of raloxifene and HRT depend
upon a woman’s breast cancer risk. For a woman with a
predicted lifetime 50% increase in breast cancer risk (ie,
lifetime risk of 15% or higher), raloxifene is a cost-
effective alternative to HRT, resulting in a greater in-
crease in quality-adjusted life expectancy at an incremen-
tal cost of less than $50,000 per quality-adjusted life year.
The most widely used and validated model for individ-
ual breast cancer risk prediction is the Gail model.'®*?
Gail model software can be obtained from the National
Cancer Institute at 1-800-4CANCER or http:/cancertri-
als.nci.nih.gov/forms/CtRiskDisk.html. If using a soft-
ware program is not feasible, certain breast cancer risk
factors (one or more first-degree relatives with breast
cancer, one or more prior breast biopsies, history of
atypical hyperplasia on a breast biopsy, and carrying a
mutation in BRCAI or BRCA2) consistently convey an
RR of breast cancer over 1.5 and can be used to identify
women who have a 15% or greater lifetime risk of breast
cancer.'?

The relative benefits of raloxifene and HRT also
change significantly with alternative assumptions about
the effects of HRT on coronary heart disease risk. If
HRT proves to reduce the risk of a first coronary heart
disease event by less than 20%, long-term raloxifene
becomes the more costeffective alternative for all
women. If the effects of both HRT and raloxifene are
extrapolated from changes in lipids, HRT remains the
more cost-effective alternative.>'® These results provide
evidence to help clinicians interpret and implement re-
cent American Heart Association guidelines that suggest
decisions about HRT in women without cardiovascular
disease “should be based on established noncoronary
benefits and risks, possible coronary benefits and risks,
and patient preference.”?’

For women interested in pharmacologic therapy for 5
or 10 years after menopause, raloxifene is associated
with a greater increase in life expectancy and quality-
adjusted life expectancy than HRT at a cost of less than
$50,000 per quality-adjusted life year. A woman’s risk of
death from breast cancer compared with her risk of
death from coronary disease and osteoporosis is rela-
tively greater at younger than older ages. Thus, ralox-
ifene’s reduction of breast cancer risk has its greatest
impact in the years immediately after menopause. How-
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ever, the beneficial effect of HRT on menopausal symp-
toms was not included in this analysis. Even a relatively
small symptomatic benefit of HRT relative to raloxifene
results in a greater increase in quality-adjusted life years
with short-term HRT than with short-term raloxifene.

These results extend prior research in this area. Pre-
vious decision analyses without discounting have found
HRT to increase life expectancy by 0.5 to 1 year in
average-risk women.?®* In this analysis, HRT in-
creased life expectancy by 1.0 years in the absence of
discounting. One cost-effectiveness analysis also found
HRT to be cost-effective compared with no therapy.?! A
recently published decision analysis of alendronate,
raloxifene, and HRT found that raloxifene increased life
expectancy more than HRT for women at high breast
cancer risk and low coronary heart disease risk.2* How-
ever, this prior analysis did not include the recent data
about the benefit of raloxifene on breast cancer risk in the
base-case analysis or the effects of raloxifene and HRT
on vertebral fractures or thrombosis. Furthermore, the
current study is the first to assess the comparative eco-
nomic impact of alternative therapies.

The current study has several limitations. We chose to
focus on hormonally active options for postmenopausal
women because these options have many competing
effects, making a decision analysis particularly valuable.
We did not include the many other options for preven-
tion of osteoporosis, coronary disease, and breast cancer
that have a single main effect (eg, statins, alendronate),
and that may be even more effective than either HRT or
raloxifene for a specific complication of hormonal defi-
ciency. However, deciding between options for preven-
tion of a single disorder is potentially less complex, and
including all options would make the current analysis
difficult to use. Because both HRT and raloxifene have
side effects, and an extensive literature search found no
evidence that patient adherence differs between the ther-
apies, we did not include the effects of noncompliance in
the model. In addition, for many of the model parame-
ters, only limited data are currently available. For exam-
ple, data on the impact of raloxifene on breast and
endometrial cancer come from a single large clinical
trial.* Although we used the best available evidence for
each model parameter estimate, uncertainty is inevitable
(eg, effect of HRT on coronary heart disease). In this
setting, sensitivity analyses were used to understand the
impact of the ranges of uncertainty and provide an impor-
tant context for understanding the base-case results.

Postmenopausal women now have several options to
reduce their long-term risk of coronary heart disease,
osteoporosis, and breast cancer. This analysis suggests
that for the great majority of postmenopausal women
without a major breast cancer risk factor, long-term
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HRT remains the dominant alternative, resulting in a
greater increase in quality-adjusted life expectancy at a
lower cost. However, long-term raloxifene therapy is a
cost-effective alternative for postmenopausal women at
significantly increased risk of breast cancer and is a
cost-effective alternative for women with average breast
cancer risk who will not take HRT. Until the results of
large scale randomized trials of HRT as primary preven-
tion become available, women and physicians continue
to face difficult decisions about postmenopausal therapy.
This analysis provides important evidence to make more
informed decisions and may make counseling postmeno-
pausal women a little easier.
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